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t I INTRODUCTION AND SUMARY

F

The use of cost-effectiveness analysis and other advanced techniques

of economic analysis is becoming increasingly important in evaluating the

merit of civil defense programs. Such analyses are usually difficult to

prepare both because of problems in selecting proper criteria for evaluat-

ing effectiveness and because of difficulties in computing a numerical

value for the effectiveness of proposed programs. The purposes of this

*report are, therefore, to present a method that can be used to compute a

numerical value for warning system effectiveness, to show how to compute

warning syntem effectiveness using the method, and to describe the as-

sumptions, computations, and data that lie behind the techniques presented.

This introductory section describes the evaluation criterion selected

and shows how the criterion is related to warning system performance. A

set of charts and %orksheets is presented in the second section. The re-

mainder of the report presents instructions on the use of Lhe charts and

the worksheets, and gives an exampl] of the use of a numerical measure of

effectiveness. The appendix describes the mathematical model that was

used to generate the charts.

Choice of an Evaluation Criterion for Warning Systems

Civil dclonse programs are established to save lives in case of
attack. Therefore, a frequently used measure of the effectiveness of a
civil defunse system is the number of lives thae could be saved with the

implementation of thu systLeu. H-owever, for the design and evaluation of
the subsystems, i.e., warning, shelter', etc., that mjke up complete sys-
tems. other reonour-- mn!y bc ert.^bliri.... which may ve -- ic touit n
which, if used to optimize system performance, will usually re&ult in the

optimizution of the performance in teras of the more desirable measure of
lives Raved,.

The fraction 0i th population in shelter before fallout arrives has

been aolucLed in this anaLysis as a Muasu 'e of the effectiveness for warn-

ing systems. It in ansumed that the number of lives saved will be related
to the fraction of tht, population in shelter, and that maximizing the

fraction in shelter will thrufozu aloo genorally maximize the i;umter of

lives saved in j, fallout-shelter-baued civil defena program. Te abbre- -
vlited term "fraction of the population in tseltor" Is uled throughout the

I_"
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remainder of this report, and imp] tes that the fracti ,, is measured at

the time that, fallout arrives. ,n other words, if the people arc better

off inside the shelters thax have been provided them, the value of the

warning system may be measured by the degree to which the system allows

utilization of the shelters provided.

Choice of the time at which fraction of the population in shelter

is to be measured is complicated by great uncertainty as to the expected

allocation of nuclear weapons to targets and as to their arrival times

on target. It is known, however, that the first fallout from a nuclear

explosion will arrive on the ground about 30 minutes after the explosion.

For planning purposes, it has therefore been assumed that all metropoli-

tan areas are potential targets, or are near potential targets for attack,

and that the time available for warning the population of these -etropoli-

tan areas and for moving them t shelter is 30 minutes plus any time in

advance of the detonation in which the warning is received. It has fur-

ther been assumed for planning purposes that nonurbanized areas will not

be subject to nearby nuclear detonations, but that these areas are sub-

ject to a fallout threat. Since the nonurbanized areas are not near the

explosions, it has been assumed that the fallout will require at least

60 minutes to reach the nonurbanized area, and that the time available

to reach shelter will be 60 minutes in addition to any advance warning

before detonation. These times, 30 minutes for urbanized P.reas and

60 minutes for nonurbanized areas, plus any advance warning of the deto-

nation, are the times at which the fraction in shelter h;z been measured.

While the traction of the population in shelter before fallout ar-

rives is potentially a complete description of warning system performance

in terms of the contribution of the warning system to the life-saving

potential of civil defense, two areas of performance have been omitted

in the method for computing the measure. Warning system survivability

effects are not included in the computations because the attacks under

which the warning system must operate are so varied and so uncertain
I ! that the reduction of the coverage to that which might be 4-xnprtpd river

a range of attacks would contain such a large uncertainty as to mask

other warning system perfor ince features. The risks of false-alarm and

no-alarm failures (due either to equipment failure or to overt action)

are quite uncertain, as is the effect of such failures upon subsequent

operation of the warning system. In the comparison of alternative warn-

ing systems, therefore, these two areas should be subjected to separate

analysis.

2
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Relat.:-oiship Between Warning System Perlormance and Fraction of thu Pn)pu-
latio .n Shelter

A discussion of the relationship between system perlormance and

fraction in shelter introduces the illustrations and examples oL the use

of fraction of the population in shelter and summarizes the detailud de-

- velopment of the measure described in the appendiN. This introduction

and summary describes the nature of warning, how it is transmitted, and

how warning systems are specified. nere follows a description of an
individual's actions between the time the alert signal sounds and the
time that individual arrives in shelter. The variations in the times re-
quired for these individual actions and the factors affecting the times
required are examined. Finally, the way in which the fraction of the

population in shelter depends upon the warning system specifications is

shown.

Civil defense attack warning may be thought of as a public alerting

signal followed by a verbal confirmation of the alert. The alerting sig-

nal may be generated by an outdoor siren, by a radio loudspeaker, or by

any other noisemaker that is capable of attracting public attention.

While many combinations of noisemakers and message delivery devices ar
available, only a limited number have been considered as having a useful

application to civil defense warning. For convenience, the combination
of the method for delivering the alert signal and the method for deliver-
ing the voice message is called a mode. Four modes are considered. They
are called: Radio Warning, Indoor Alerting, Siren Alerting, and No Alert-
ing. The sources of the alerting signal and the confirming message lor
each mode are shown in Table 1.

Warning systems may then De described as collections of hardware and
procedures associated with warning the public by one or more of these
modes. The performance of each mode may be specified in terms of cover-

age, response time, and reliability. C-verage is the frac- n of thn

population that can be warned by the mode; response time is defined as
the time between initiation of tht, national warning at the National Warn-
ing Center and the beginning of the alert signal sound; and reliability
is the factor to which coverage nust be reduced because of inoperative

equipment in the system when the warning is to be sent out.

Consider the individual who is within the range of the alerting sig-

nal. Before he arrives in shelter, he will have performed three distinct

kinds of activities.

The first set of activities will be to hear the signal, to recognize

the signal, to interpret the meaning of the signal, to seek verification

3



rable I

CIVIL DEFENSE WARNING MODES

Source of Sourcy of

Name of Mode Alerting Signal Confirmation

1. Radio Worning Radio warning Radio warning

receiver receiver

2. Indoor Alerting Indoor alerting Commercial radio

device (NEAR or or TV

radio alert-only

receiver)

3. Siren Alerting Outdoor sirens Commercial radio

or TV

4. No Alerting Accidental, word- Commercial rudi-

of-mouth, etc. -or TV

of the validity of the signal, and to decide to act in response to the

signal. This set of actions is called the alert vcriliation p,';:c ,

and the time required to complete the process is called the alert veri-

fication time.

The second set of activities that the individual must complete, is

that of gatbering personal clothing, blankets, and other items to be

taken to the shelter, and of securing his residence before leaving. Thib

prc cz.c a C l-"t: muventeiii preparation, and the timv requirvd tu cumplLu v

it is called the movement preparation time.

Finally, the individual must travel whatever distance is required

to reach a fallout shelter. This travel process is called movement to

shelter, and the cime required to complete it is called movement tim.

It may easily be seen that the movement time for all individuals will

not be the same, since everyone will not be located at the same distance

from the shelter when he begins his move. The movement times for a group
of persons must be described by a distribution of movement times for the

group. Such a distribution would be a table, curve, or formula describ-
ing the numbers of persons who would require, say, exactly 10 minutes to

compltte their movc, 11 minutes to complete their move, and so on lor

4
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Table I

CIVIL DEFENSE WARNING MODES

Soure cr1 Sourcu uL

Name of Mode Alerting Signal Conf irmation

1. Radio~ Warning Radio warning Radio warning

recolvor receiver

2. Indoor Alerting Indoor alerting Commercial radio
device (NEAR or or TV

radio ulert-only
roculver)

3, Siron Alert ing Outdoor xireria E.Ummrcial radio [*
o r TV

4. No Allertinrg Accidolitul wv rd - ConmuacI r.adit
ol-mouth, etc, vor TV

ol the vAlidity or tiw 81kriil 6iiifl U)~ tIocLCjt to neLt ill Z'usapolok to thu

hignil. Illin Rot of slctiorsn in c4*110( tilt- uteri. Vorillutlult aonuv,,

arid thu t imu ru4u irod to) c4)Ifltjil Ot- prucona in cuil 0( thuit, 1* I V4l' I

ficittioli timo.

Tho ?irtl"lrot of actvitlu that, tin' Illf-lviduul nunl i2ompluz-o Iss

thut oif j~at~hi~uig puauil uoIhirig, i :iutktI Ii, jill o(iI.u Ittumll; Ii I'L
tgikuti to the hili.l tar, arnd of xecui'ing hima rouldojuct. bulozo uz trig. 'll IA

proceeD In callud movemont pryparstivii, anid the timko VAoonil s.1 1'.*'~

ii LaIlviU tiiu mn-vwnunt prepuration1 time.

Filially, thu ind(IVidual rrUnt, travel whatuvor dl~1auu, IN ra(p~ire-td

to roach a ialluut sholtar, Tfhim triavel procuri im Called Mnuvons to

sholter, tind tilt Limot roquirod to i2uiluItut! Ill LU.Ijt fuil d n'.jvsnuai I-t-.

It may oriqhly he moon that. tho moVvnurnt. 1iiiii for wil ItiiidiiuaN will

not be thu mamil, rince everyone will niut be located tit the mamo til"mtlu

j froma the mhultor when he beg intn finm uva . 1i ThU lmionest timots 'or u group

j of pormons mnt be descriljed by a d stribut lorn of movururta titpon tul, the

group. SUL1h a dintribition would 1ho u tablo, ciurve, or formnula tiauorio-
Ing thm numbezam of parmons who wouJd ruquiru, nay, exavtly IU ulirttuw to
completi tfivir movu, 11 miniute. to Luomplete thuir wovu, sild AO or., for

4-



cauct marutv it.torval Ii the range of travail Limon. 'rho dist~ributfin of
movomcnt tilauc might, also be described by A CUlaltiVe o ~iutbuion,' thait
in, a table,. curve, .'r formaula that describes the numb.r. ol purzono who
would ruQuirti, any, 10 minutes or loss to compluto thuir move, 11 m u t ts

or luisi to crimplete their msove, anld no on for each timu within the rfinge.

81ilarly, not all persons will require tho name amount of txmu for

alert verification noi' will all require the name asaourit of tirmq for move-
mel.t preparati-n. Thilian timus must alwo be desc.ribed Ii torms of thueir

distribution for a large group of parons.

For a single individual, the time bcrtwann tho start ofI the ailert
ilignal and his arrival in nbut tor uuuld bo found! by utdism mu "luriiea
vorificatioa time , movemant popurn t ton I 1two, and moev-smulnt t ima. Find-

Ing the number of paroono In slielter baforto a givun time, however, to-

quiria (hia atitintileAl tachnlquno be app21..'d. Uning thaost, tsikhnitlubls
it In puinaiblte to fintd tho uxtpeutad itulnt4'r Ili libeltr tat tiny 1.. l 13 o

the digitributiono of the, verification, preparaftli, and asuvemunt timIlu.

'111 a-filitJonahlp betwoun this warning oygttl pul'fiurMilan kult Lb.-

fra'act ion of tho Isopi 1st ion bl uflyl dopeald'l fi t ta Illth rillp.'il no II t i a or thip vdrl.0u1 mr'dof (If ttin WartitNg aypit in, I.himu,, UP'J tie rul uotioni

sh~ip of this alert vairiflaistca, movoilst pruparatiull, wild twvolt Lima

diit ri hut tuns Ili tUP Iporforoiu to of Llit, waing iil aye it m iira

71th runitoia lo tiit tho warnili nytottim ffujilit 1-UduLSI tho "AmJI1tas ti
L itsn avali1mb)ie fur i 1 4 lij lI a ttil Ili Insitil1 01I I l- t0o f , Ill" fiul 111%1

bill" Van. lot j I xi5i j e lif till iii-'haaiiii.u ti I'll , t i 1 lstI w l a ri-vv :1', ril 3

Ut If lfttJI Ifl1)it , 411d 1( 11ti' an Much(1 ape lb tililltell III AdvaiI. (of tHis

ifditiat l 3fiii ina)is aval Itihie. A itybioun loill! 0 D-finiiitt ritlAuIIAu tine. wtiiah,
1I low 41) inlhiiitou (I roauhd aillo e , till" wtilli 1t) tntttit =l ahs Issll ii. tilnc wIjuJ

njjj* *rnl~f utIrl~t 1"41y &a"Isn s I U lS ''I*e lf i I, !w

itioj fit oaroinlg. Tlls uperlor *i.,diiI I tly attl l atr Iu VJIUC. ll.'

hlerI Ulgil f-I'lm this r"1111- warlsiln recitulver,' t"Metiiu, wit if ie M1i intli,__

briade ot. tit tho culif I Im] Ii yul ut Monatiagn . rfiau I I fill 3) gI V.111 I I'l I I ti 13

of Ithis Iwill b-washend popu1.11.1un liaviif vistiplatid thin varl ft 311 5 11,41 cI' all

Ittlii a. Abl ai tths Mllttby allyiI ol Ali Ielia flikuu ti npt'3idl it~ Ii

lstt , alroli falertingf; !coat foolt, 110 oloitLing. A raoiui (if slot I vC'eaL-

thu hlghlal may 1Iv reduced b7y inrso iwaralumo il ill5u paut ti l"pbt.



rF
either bucauala of all international crisnis condition or bocautdo o1 hightir
levels of effort to inform tho public about ulvil QiVk. Vurificutit'n

of airen alarting sig~nals can also bo speeded up by providing prompt

radio broadcast momragos following thurne signlcia. Thil coi~inatitint ul

public awartlinau of the airans anid tit# radio support to sirani, gi'ju rIo Ku
to coase oi atron vffvvtIvuons within the range of aleort voriiication

Th1-) miova;xv'il preparationi timu is iotl cunsidurudi to bu n(Itctudr b)

Win iula of warning, nor, by any othor caturu of warning ayfitum purfior-
malice.

'flitt riuvemuir t timo duti'Ibu~ltlois .upririd upon trio nusibar and loi;plI on

of iihiitur snpaces rulativo to the nutmbor and loCAt1io Of tile Pp"Ple whom

thopr nhlina tar.e it# protct, Miticc theuti ftr t vu xpurctod I) chanpo
over tlIMu, two Ino.jii comes hievo bo401 on a Vti-- l the I ii oultelit tI po-

1 atfi a4# auitaritlod by tlit; 11100( canatun ario I lin I oation ort tion tahto t El

OpA(cpts that gplatold III Jairuna:y 1UUJD, cilii ii Ii uS led tho "kilatiug gahal tur

p(tiirn; thn rithr' toil' thn piqinilatitini dl etrtili m pi-o)ILctt~dfr thne 11070

C'uiuaulp Anit thu 11omlier Uit lo it loll iii Milo) I v-1,pie uit111f; aftur tir
Ilipla aut it got an of a lifiuta [el ava] iolpeit pirom *tll fadiiia I tflitio "I fIi a

auvoiid autullii In called Lila 11110 sheltear poslura.

Mnivemrnarr. tilde tlatilhbution ism wall i tel loot no-rivAl tiw.. will ba
dJI r rl n I i# tit o, n Iarli.e- I riurl fm ntiiiaa-tizIiyr,lI I4 uea P'ir I ivl ,lo au on

1 1101 - l 1410 11am "Ili us', tctumi Illn 'ha1r 1iri il ut rPI f I';lm li aiP 110 tara

uil( liiii i ri. a Pin 4#1 ii lbanlit ve arena, A lnA.;-il hirankil-wn it miataril

t IMiu" fll ArrAi I 1 *1 1 1~ 11i0i VIMi U lie Malin ILIAVtU0i LelIt till tit im uhe

(iiii1flo a learn, antid Iiuliirlitos at-anti

pal isila ryaiuen, it Mny lies wui IP4 atit tre ral~It~l l i tile Polttoir Ill

ahel tar bnf.urp falluut arrives Ili dopondanil ulkeli tho. jtupolivllp time ot

'11, .. ci"e m.mloot ui itie cvail ii c Myntoall" Ilnifil ill@ C-ovur age tat gat-it of
tho iuti makig I#, tile v:ii hg yatum fit ventral vitisja, urtlaii f ijlio

I Cul ~It tilialillll Wi(iil i waii lili "Iyriuciania M14) hou IKvilloatv

Ili 'ilg (o to iurv Ilii urtabi II y of thuo traot I oll oft tile ppul at icit
iii mud ta an "a mlinl t o ufectivel;eali, 4iiii Ill limit thea octiju or it li

day oh ~apit I I I ho icUStlile fF1011111 Ill 11110itcitall lib ' Icsapiitd Iol- onily

a lmilad nsumber of Ludtitluntlb slid warnling muclan, WhAlu it ill belivedF



that thio applicability of tho computation ina mulficiuntly broi~d to barldli

almost any piroblum that may artrou, It is nuvurthulurie nvujiujauy to dccrlt

thuria limit".

First, only tho fout war"nK modat; daavribud abuyu Lan bu tivauuud.

Sinceu Ox.en alerting arid nio alortiruy jiradominatc III thu ux~istiiK )gil

anti uIflc tbip ntudy line been ilide to support anuuyala of radio wsa inig

systems, analyuis of other modes much 4s mobile loudapoaknrn tias haun
omittud, Alarting rUOuILing frog, Lhu Offoctia of a nuclear (Jotoiutiamol

han also reoavodj attention am a w)sbiblo warning mo~de, but itwiliaijon ol
a mode based upon nuuh alarting hop riot bnurn pussibl. within the time

availablo for thim arialyals.

Siuo the atucly Is uvtruernud with Indoor radio warning, oinly rut-I
cdnn' populatioln have hon Llmd-daytirgo husainoua LopulAttonx a re 4-AclCudtd,
The0 (Into oil thea Iocationx of ramIdouut 1Kpul ut loll a I' voxtl I) Iuflr OhI1111hai

gild "al ile than data oil daytimp populut loll 1"'-un IUJI14. 'nlII" igpliu ta tll

amumlii on that tho attack would occur Ill the Into ovonlli tur et'lI, mu-rfi-

Itig hotirm . Alan ImplRied Ina th; t suvaryonia lia I iul'impao, 11ir lkt ihi d of

a ttack occiiit ig uuri ig ths tilght titwe hours mugiiPietud by tIla Indoor 16nt -

tRont ptipult ion In soubject lu prias, da terminatioul,

Vins) ly, popuittion abel tar diata &Vu bdad upon thu vuLerzkuum

5 tUnited Utates (48 atatom),

7K



11 C(IUTATIOX OF WARNING SYSTM EFFECTIVENfESSi

noThart duiand workahimita used to compute the traction of the pop~ul&-

zion Ili shelter are praoeoted slid described In thtui inaction. Gfven glaca

ill thini muctiumi arei inatructlna for using the 0harto an~d %orkshaoth gild

oil uxumple further Illustratinig the Ubma of the computationual uid. Appli-
cut iuias of the uma of traction LII ahaltor prwb~uwu of uout-offoutiveneds

amilyat.N II( proarirtud Infl !3 on 1o I.

noe charts shown In Figure. 1-8 ropromant. tho output of a Pnoithemati-

val ingaiglo that 1iax bnanu used to generate u ifract ion (it the population
Ili miie!tur tin a ftcitJiuj of Lila tima gar thle alert utignal hofuds, Two

uet ga of chiuutut P14m, III, ima-tild, Oe for the oxiat 1iii ohe! tor poiaturv andi one
tor lho 11.70 ahaitur posture. Nach out Includam Tour charti, one for

COU* cl WLSIl Iu fig 1.111ti to liv'L u C10aiol raftio wa rim 1itg, Inuior wlert og , a! ron
a) it imil, Anid iiii o.IautJ o. For cmch mou, cutves mahowitig the travtion ot
the inoptalul-tLoll 1I iAbul te ana a fuction ofr h tile ln afttar the alurt olm-

nilu qozunuidj nrg mowti fur cunltial ul ty, urban rringe, still onu'iixeigd

ro I c haw I vi the i -I, I.a I a iI IIti I ) , ma w iuk fil t ov t r 4thpul t1I t heIIf$
f V. t t'llg u I fir 11411114 Im III Mnii Lou. 71hr wobrkohiuu l itovidam for fir,

01"4101 ly' 01-JIu IDUIII' [if bylit"l 01iV1i mnthruu Amnd Iltilt'ufniuliru hAl a, AuIl f~lei-
aumul1 a Ilioa xulu egeamleml 1, 1 ',uvurl Llivi vureogga mangirinrtia tit mis popul ationm
ahme taI.led) Inmtho a alligl" f iglUi fill, faut Loll oft tit" total hiplntio llII
11IubaI Org iu ll tI 1aUh 111 44$ 1u' i MU Im ul f 1J 1 theP PlAidbl Ill ths WArnilg

5lnuu"n . 'Ilm W.-lkqiemot il dmviull ut t me pa11 U aito. I'aa L 1, Woumeluug
U~auui ?411a 1ui1" mu 

1 1 l mmh, aju a fol ulutL, I~l h t# c.i Ifit 1% Paity I oomub .all I

v-1 elI I t 1i s~ima il hell itL, tIl he mal ) bib (12 all werfi m Modema Alil a h y' llt ,
4 'al MA1! i ~ a aj lol t..~a Im Ivi a m-fmb I. t! = IL;6 f, wn I If wa full

fivatumau Ujlltni mildIya' l O "fll I Pl att"jctill Ud Po thIll timeu~suuh lift, -it eail

or Ltj tlumao time Lila KUImun WaillIgI myntom (vimlifllllI ll Part Ill . ilui)

may' ha" onutureal anti vompjam iud Pat I ia luuilnm time Adtiti 'al stall !I1,11

Whlich ilath overall *~Hlil iimg yoto otrheel aa If$ ulleomilluel, I'll t I I
the tsiplat o 1.n1 tutir ill- :a lead l eat elmam vomhl a~~, litt,!

tiuuls 1fjthe I btruttmlu ff ha! fet faitagal~l louma I lies amaglvo 11ut llfhI

U-ilol tt t ou, ou i ll , )IU fo 4VI11it.116 a h f hu fu r wa -flll

modu uunldu-ill IllOi~ rimur4
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Figure I

FRAC'!ON 1I' SHELTER va TIME

EXISTING SHELTER, RADIO WARNING
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Figure 2

FRACTION IN SHELTER I fME

EXIST!NG SHELTER, INDOOR ALERTING
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rlgro 3

FRACTION IN SHELTER vs TIME

EXISTING SHELTER, SIREN ALERTING
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Figure 4

FRACTION IN SHELTER Ys TIME

EXISTINJ" SHELTER, NO ALERTING
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urFRACTION IN SHELTER vs TIME .121

1970 SHELTER, RADIO WARNING
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Figure 6

FRACTION IN SHELTER vs TIME

1970 SHELTER, INDOOR ALERTING

I -7

0.8.

0.4----

0.2

..

0

7. 10 20 30 40 50 60 70 so 9

TIMF AF7Fl A['' FRY IL TRS .~n

- - ---- - - - - *- - -.-- - - .



Figure 7

FRACTION ~N SHELTER vs TIME

11970 SHXELTER, SIREN ALERV'j A.G
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Figure 8

FRACTION IN SHELTER vs TIME

1970 SHELTER, NO ALERTING
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UIMEET FR LVALUAT1!IG WARN4G %VSIFM E~F"A7I'MMEM

PART 1. VA$IPG4 SYNTIM MVIRW90tl

R., Fallo~ut alr 'Gl time couJatinnol

1, Tila@ firm detection of' MtLmuk to i.mp&4 t f eadPccna

~,Tixw from detect ion of attach toa initiationi of
warniing aisnal (docision to wotam o man.

3. P.-sinnj Lia from decision to impactL ftl.
ihins I Sirius line 2)

WUM~i a rU*UW 6 CuLUIM

AI!LAS APIAII ARKAN

4. Tcne from impact to fallout
arrival 30A mi. 1-0min. 60P.0mn

5, ime finn dIsctiin to- fallout
arrival
(line 3 plus line 4) - Jai, -mini. - mi n.

PART 11, RAMINGITTI EVALUATION AUMIVR

(Age. 10a109el shoot@ lot detailed Avalvetiva of wArsles
sysem mada. Listid ib. e 06~ a SUM 1U the ,lvia

WAIAN MYSTI'M WOOL. I M ftNLT P W at li
VIKIWY I ACHf MOIN

A, fladso Warning-

U. Indoor Alerting-

C. Shiren Alert.ing__ i
E. Total population in shelter

rev!'lng fr"m ti warnin~g
sysatom configuration
(aus of fractions from l ines A, 0i, C, and 1) aboa)

j 17



I'AFT Ill. OLTAIL Or NAAflIFI SYSycM EVAWVAIaN

CLUMN a rme" is C*UNtw
C:FJTHAL CITY UPA FAINGr PON011111SIZED

1,Iltis from detision to fallout ar~~(rt u f.___

2.~yirns-sapoi-ae liiio (hr. froms sii itis -. t sot, i.
bisplanning of aoit oi *(ohul lo nii. min.....,. _ 01....il).

3. " *Its remet.1irRti testi 1. heIler (lI Ino I les lil 2) (..........mn. blitP. a....... M'
4, Irs' tLion ral rsdia waitned popu lot in- in %he lter be forts

fol lows Arrival. Iio radio warraind rltsrt jut s.
pir lttP I ,r- els- fnter bitrt *ith it" f'Q* J jOtyP
road 'Is a, is ff ht __________ ___h__a___t

to .. r oilh 1 air stno In rtes da-tiabuttas, rivtI.
£ pliedl Iy tuaishil lity. y ea)

6. lr.Ir tr "t ,f Area issiliuilstI los Its shelter AS a risul I iss Ishe
St Mulus fa ia r oil ss4 Insnirg I I Ino , taI e% I lnr 4 1 _____

7. Itil(t tor 41 1I U . flopui.Jwon rusmiding in each era.

I 'J10 1.33 - *2324 0,343

lCrirses oi. t hnsislsI ci'la line)

B. frottioi sit U.S.l populsilon anasheliterrissisr srea it. ___________

0 result of radio wsrninil stimulus (line 7 timomi hut ))

9. rrtirtn of U.S. roptilwon art shlgter tdue to radi')

warnuing (hsm a( M e S Coslumns 0, It, and r)______

COLUMN * VLIJMN r OU

AIiEAS AhIIAS AIi FAN

1. 1'~is (a Isi lssssr to fa I lsow. sri Vol ( (rowts Par tW.
lise j~) m, - min,

2. System reprt;is. timte (tam, fromt de'jriior. to earn Is,

3. Tirse rams eistunil to rot ,Ito i Lssat~c ( I uts" I ; a a I ie 2) ... .min, Min miifl

4. 1gea, ,s, isf) ifrsd asrsra.rds po-pu I t ion.a in sfill!ter
jbefore fallouit ArramV, l. ( Use indoosr 00Leir chei.

for s propt ise tim, ae. Enter chft, with time

fr aove reed (ii. - frcz hr.)_______-
5. Indsssr slr~ng coveisge (fraction of porulsraooo

plied by, raehis'lirLy by area)

F.lractiior) of &tam Populations in shelter as a result
or the st imulus frrm Indoor alarting (line 5 times
line 4)

7. Ivcttioi of U.S. puotulsaLion residing itt each area
Existing ... Q j
1970 0. 333 9. 324 0, 343
Ot her________

(Cross 4itiu intsppliciable line)
S. Froci :olt df U.S. populati.on in shelter it, eac rs ____________ __________

a. s asuIt of' indoor slartitig stimulus ~iine7
timesI line 6) ______ ______

9. Fractions of U.S. population in .beltar duie to Iin-

dour alerting (sum of line B, columnst a, b, and c)



r1GIJ1W 9 (Concluded)

t.Niren Alerting lild.

COLUMd a* M t CU
C1111ThAL CITY U"A MgINEt MUSJMMI UD

AMIA ARALAS AllA

I. Item lln aI.w-aean to (allout arrivnal (fruA Port 1S. line 5) _ at". 11 a"
2. Syxt-4 rolponAs Lima (Lima fromn dedcise ta or ert o

lippoining cof slort sirill -....min. - min.
3. Tame remanng to rea shelter ( line. I less line 2) - f.*ain, min - 094,

4. Saraen IEfea.tiviinesi Group (nee short tieowin)

P6419 Support. for Iifa.

JS. Frasrutn of itron.astarted pop~at ions in she Iter lip .

proper t as- - a. ente.r chart owath c.too from 3, a Loe,
determine fraritoa aorramparndaaap Ili anilnPrt
I tvafpq i aoatp.I

6. Indoor &ieron .orgas Fiat. ti'.." af taaiPulst an that

7. Frationar ofa tire* populad a'ant. an aleiltat am a aecailt it(
0-- staaaolaaa, franm Atlien alertitng (li ne 6 Lam.. gifts 'si)

8. Fraction of 1;.S populationa residing ir eacth arm&

(Cronel tif artaipeplaal kine)mlin(fnl tmsIn

10. ~m Vt-ntoot olf UI S. Votpo Iat t on an ithelIter due to iiaaran
alnauarap' (suim of ijn@ 9, columns a, b, and c)

1). No Alertinga Mudo~

.001 * COLUM' b (tMUMIS
C IVj AL CITY vrSAS rVMot MPE4JAoI UD

APIC45 AIAM A119AS

I , Tirame (ata , oiaaaagag ii fallout arrivild (Irtliar. M. line 5a) _ _ ... ,..mi.mn. - m ni ta.

2 4
_yAit-m IrMapaaaaae I taut (11an0 fouls dna~iatia to mirra to

3. Tome. renaia tag to reach la l tal ( I inaa I last;e anj . ) 7 ira. aMIn". ,...,. man.

4, Fietuon of locpulat.Iin marnad bav L be Nat Alert i W.ml~aI.a -

in .t,1*-r b .-H u .. " '.~.n. I~~ -at.
for no rlrprting made ini approprraata time to-ru. Fiter
ca ret mit tima, ftrom 3, bowan, read frettiua from ___________________ __________________
curve.)

5. Fretioa-n of uopulatin not covered bay other waroinga
modes, by gra______

6. Frortiran cof area popuatlar tons in ahrlter mito di,! nut
aecosio alerting attamaulue 'linoe 5 Limee line 4)

7. ravtion of U.S. poapulation ricaiding in each area

1970 0,3l242 013~U
Other

(Cram. outr iniapplicabile lane)

8. Fraction oaf tJS. toI'aJation in shelter ian each atra

as a resulIt ofa simulus (line 7 times line 6) ______ ______ ______

9. Frioctittn if U.S. ua pulatiota in sheitar who have boost
warned bv the No Alettinar Und. o.af lijne 8.______-
coitfng a, It. anid c) _____



Inot ru'-tiona for UsilgtJco Workahu

7b vorupute 'Cho offoctk'vaeuos of a warning a-ymtum, thu tulliwing

vight stapa must ha taken: -

I1. dentify thu sonviroinont in which th-i puntulau ( warnin fg Nyht ln

taust op~wrato (Part I of tho form). Thu first part- of thoe.nvl -
ronmolit. Analysix is a atatuuavit (it the t toe prn , Wlo thor IOOto
or 1070. 111e population and tho nhoittir cuntilluratioi, pre dv-
tormillwd by this tiumaerm. Thev .ucond part of thu onvironmanL
anslymin Is an eptimate of thev tima from attatck Onotuni tco

Impact and an estimate of tha tima that will bu requiract tei

roach u decinion to warn the population Prter attack daItttioi.

Th~u ffnal part of tho rinvtronnt agual yulm In tho coru tat lull

of the Lima from the ducitilon to warn to ihov arrival ofr uJ lut

7thin is tha tima available for the warning ay.ALam cumponanto to
opora tc und fujr tho ixopul a.tioil t., rt'eognizu 5jnin, pro'pur Lo (-

rauvo, anf movo Into mhultur. Thu t leo in tho timv fromn tucimsii

to Impact plum tho Limo from impact to fallout A1rrival j uri thj
docigivii to warn time; it in computua Iii Part I vf the wurkshuat.
and than eitarid on l1ie 1 of Part 111,

2,Est juno o the roopoiiuc timuu , I the t ime butwoin ctumplution)

ol tha'. duel sion tu warn andl thu bturt of tho alurt sigUnal fur

each warning mytum mode undur anulyulm. Entur oi0111 ta 21,

Part. III .

3i. Cumputo tho time botwoun ttrt of abort nigul alld falloul tar-
rivul , indicated am "Time Remining 1,( 1(t,-uvh 1uul tur i I inw J,
Purt. III of thu form. hilh Ili thu tiuaut 11viI uIlt,)I for lut PQIo-

lation to rocognizzt thu aigatul, pilupuro to muvu, mild movu toA
Sol tar.

4. For the airon alerting, a daterminartIon of oneo of: four Nivun
uffuczti'oinumN cases is to bo mudv on tho basis Qf population
roadinuss and radio support for the siren mystuim. Select thli
IfLO" population roadi~ifuau for conditions of surprise ijLtuck or

for nn attack that follows a vtavy rapid buildup of t'rZ1iin,
oil the order of less than two days. For longer crisis buildups

or for a period of time following u couartud campaign to make

the public aware of the sirens, use the "HC' public readiness.

Similarly, for systems where the radio hroadcaut may not comle

on for as much as ten minutes miter the siren start, use the
"existing' category "Ik radio support; for Sygteu that Lie in

'20



fie radios Wharu eavrgur'ry Ibrisad. A6los cgrnmulletu withiln tworn Vo-_

U ta onev I ho a 1 r t n Igm qI , u up thu L I.eeo vagfgiry. 't. hirc-i

t-unpureaa vogtag'ry will usually In. tilt, loomm for all thrc'u type-to
of at-gap,.

Ci.lotarmano then frac ti (if'' the' p'iptul (, of1 e't i) Lylhe. e i4ji

Ic ii eu flov te-ee whi w r n a; art 'lu by anc h opiU] a. "ILI ",, th trp fllI I fur

the ol'i Ltor and giopulatlon ctinditit fus sniderr wlitcer thc' uvalumi lut

In balng easla ap1i tut~ these sIiruilfg *c-i.'j buvteg pvml uAtud.I()sII

tho rc 1uI (oil f-rm th a r'urvv for unoch Ata Itat i tte I 1' tout weori

alot signaul start aed finliout arrival , Pecure. thin fraction
In thu propur coumn of tilt, worienh~Dioe.

Whur romering tho 1'ractAlon III BhalLur for siren alitrtIng, Intur-

Pulat.j hatwoelit iliau .dguof. the, gr-ay litiodo mccouz4lfg t. thPu

P!laIveL V911I'na e'.op , an 11humlC by? tilt' 'II lall) an' etd fouj'i fil (JI Lce

0, Lot armi nt the-, worning t v4-imagc it Pat Ii , ai iliau coueemil's a ce'n" l Ir

Ull Of tlu 'sseetallig fjelllUft. 7l1eu (iiJVCutUge fit " I I t ilt. Ifloclunp (If

a willeleeft .'yat"m illaaoe .'.I r' ypp~ Ni'iiuIII td14 1emill y, I .nn.
We. lilde portsiene will bu g'rogl Iby 9'e''ro t haioi nrwice!.' 1 mud.'

uvorlaop, gives prPtoronen to Lieu tometor tera. Anssigne all pupuls-
tim rin ot uu'vorud by otulat mod um 0i' lt n tia .tiiijg,ul Lee I v 1
J111111' en(V~rae (19(Ia Inlie 1 ieeiull0. 11110 131e(j Cu)J'lIIe (if Lila

7, I)Lt~Urehlle t ti Ut 1011 Of! Up, Oil acI 11pt-1ului Hll~ Ie Is 11rte Ue

roncidl (iof thee At iceultics tee!m vatie 'i the.. tylpUM of cltertilc e"Ild

warning doyv~sm by~ fulluwteeg thu 111htrUct JUlia ONe tho woizkmieutt

tj El ~i te'c t 1t. , sune t, tI g I at.l I oi ,r tltn t) t a, juuipeill 4e1 to e I o, l ie

as isjkUul L. ol they6 utInul Um' fng. ruli cie Of List; LypUi ut alort I Ili

Allde warnlig fdUVILUX Ull tioll aeMmuci y pauctijo of e w'z-~~

t5'art fl) o4I !ld iip ha cactbuflei Ioguticur to ulbtuiii Lila Isewt.ftnle

(if Li u tgsi p()julatioli ill sha.ur Am' A riiUl t. of' ticu Wmi*1lisilj

myntum .'ueflguratius. Undui evalUahlron. ThiM IN Lijese Ilimutical

scMOU5I'g of efriuCtIVU11Pu theat Cut] bcs Ila~d to )ueluutu prompuu-

Evaluation of Ulyjpvthcticad Warning_ Syte Ans Jxamplu

j To Il'utretee thou icompuLteilon prucumA ,just dumcribuil corimiUdJr' lhjv
fullowicg prvblum tisatumt'nt:



beturibiny t1w offectivcnonx, In ton of fiaction of thu tp4u- -

tion itI ahl Ityr Inforv fallout arrivanl ,of a wurnIing syntvit cun-

sintIng or outdoor alrota in all incorporatod and ufilit(,rporatold

placas with 1mpulationit, over :1,00, whora the airrena aro Lantrally
ou.nt1rolled froim UM warninh cantor via it nat lonwidu rsdll, ';uumanl

natwork. Thuy aystum 1k to ii,. ovaliatod no pIi't o.4 Uhl civil (It.-
fivni. program thatI might exist during the 1976, docado, ifilloing
tho Implementatin of a nAtuirvldo obeltur dovolopouitit program,.

TUo Ipat'ormaimce or thm xlron-actuating myutpm In such that in
metropolitan (urbania..i) urwao, thu activating signal roaches
the aho 0.4 minute aftoi t),v signal to sent out from tho warn-A.
Ing conter, arid, if, nonurbunizedI strain, bmesump of socurity do-
vices in the pyatini, thp Ignal will not reach irano until

01.7 minut'i attar the signual toInnit *itl All airatme will1 re-

quire 1 .0 minute to comu up to opeod4 amid raih full sound ipowvi
fill I put

Uj'ct. bruadcaroting atatiUomH wtI ber tied Into the radio watli-

Ing virculta no that they bovitn troadcauting oworgancy men-
sagga 2 mlinutes attar thu signalI is oit out fromn the nattutird
Wariiing cliur.

YorD th pur Ipoubis (of tug, civaQ inon (im*mnum that o il at tuck Lsa

detactod following a vory brief cril poriod. Vvtoctlonm i

assumed to occur, 15 rminutes prior to Impact of the wouponts,
anbou icst- of* th', cr4 ali, the dock lixon to wpr;i thu xi~plii-

tioli ocuols In nvMeLi9Jblv timo.

intor 19U t n 'art IA. k~ntor thri data fromj thu liat paavrDtspI'
the' Prbu o6..LLurnaoi ti i-rt 131 of tltv wurkinvot., and comapute the time
from doeimlon to warni to fallout arrival. Part I of tho workslfuot shouuld
now look like thip:

__________22



A. 7-p at&

7 m Ie JI t I ,I , I a I.Ir It o init.4 su WA II, )(IN ',tAt hIV

warn111 u v~ilgo (a ..miit u~ worn tim.

J. v. II II# iI I- [I,- de il i tvr swpet (P [
(li IMil'us Iligc 21

4. 7 ll. (I... gIsq.i I [ot uut

41u .t I dj Vol, 4)" 30, sFq i llu. v Mr,

Li, MyTi- rit- ouii . fauot 1. uiitmb utu ~ .Iuai h

th it I auS Lj~t Lirum Ii t l rnn samutax Aim th #1. mtlutu AD). h 11111.; isi lUw

to rocl'J itti opurating inpetud. IAkquw~hiu, the rasponso tio In IUIuzIwUI-

izod artvaa Im 1.7 milnuts,

Stop 3

Line 3, tho time from alert signal htart to fallout arrivali, in now
cumputod by subtractlng line 2 frium linu I. Purt II1C mwh,.uld nuw look
I1ko thiv;



hi PitJ A Ifjt~ or I IIi l)

IWA LI A IW. IRWA I

2. -Nyiyto resIiuwnve tints, (1,11w flop dtfialuf it, path it,1
I-ePirIfn(if I#I 1i L huh.) ,t I a A-t -in. .EL2-II

3 '1,.. ?eha1nhig to fmeeh s~uhelte (lin. I las. lIn@ 2) 44a.nu, g INIA bi, 1.3.

3. 4 011,J1111 Iuxt bo. cttIfnptud to nhumek int Ilia ukaivi utloci 1vvisomio

cemnc iu 11 , malaictad from thu talo~ with 1. p~ublic rciidinvuh (ducu Io. (tho

re pid vrin hji ltip) but v Iouo radio u jUpI-j, (FadJo hz'undcliliti t~u In~lto

Slgion actlvat4'on iye#Lvu) an fu1Iuwn:

4, hie MI G If. fieit. turiuui (sea shori it,.

1uY' ea I II

Now, from tho cnart fuop 1070 soul tur posture andI oiron alvi't tIig

detormine in thju following mmrmur tho fractioi .)I thu slroua-aloz'ted

population fi i'helter beforct fallouL arrxives:



For rontrti c.t lea, the raneof et raction in uhclttur at 43.61 minutum
ini 0,900 In 0.9-143. I'li lecaid figuro on thu chart nhuwa thut ujft'tt.111-
tionn group IX In found by adding 113 of iliau helight of Elie rag to hlie
lower odMP. Slinei the hitight or thr rangs, Is 03.044, the traction In
Phiu~tur for a group 11 uflutivoaus I,, 0.000 * 0,15, (or 0.915. hn tor

thisi volus in column a, 11m 1e59 iea ahowu below. Uxnrg tho aecan proc fr-

durn, dotarmlnto tho fracionJt of thu urban fr~ngos and nonurbeinigad itrus
ppl )tionea tr qhol tr. )Djtur thumv Va'iu.. on line 5s, co!uffirla a, 1),
and u, an followa,

$,@tnr o'~~cafaee'.ie.latipt p..1-mp-n n lmultar he.I
ptefilg *tti.a. -4,It ii,. *[I on ibLm

,,o Ie me . eltise sb gs ml- *~i
cleesveuno fril ecj, tiatpusnditnp tto alr.,, uoer.~?) a.

From Ella problqeeem atactumoft that outdocor x1rilee coveraigr existai in
all ;elitca w101 a populatione groatur. thlan 2,50) purtioln, wmtimuto the
I meeour III ieee -fvurag for thu erousIn imith ful 1owing mfnor.

Contal I toso. Fum ho onnm *definitione of a conetrul cit.,. ex a
[)Is~vo )1ecviti: Ft~ populel ioll ol 5,0 U0 ol* Morol, 11 cueetzi CI tLas III i 111to

tire ctitfigury cef piaurem having ip puipulaio ovow 2,500 pargohma. Outdoor
COVUrAWU iN thi:l.OfrO 100% 11 entl*--.1r Ci*41 lmeimnr cov'orao Iii au'ei- --

I tearu i1y u at Iirt1. rd n t 5076 uf 1.hu vutLdoor covur go. Teaulting indoor cuy-

utginthie.. 00%.

Urbaun kringo Aruean. In 1060, about 71% of the romi(IontL3 of urban
fringe eervam lived out.mide pJincom having a population of 2,500 or meoro.*

*U.S. Biureau of thu ConsuUI, U.S. Caonu of Populatiov: 1960, Vol. I,
CharACtoristics of the Population. Part 1. U * S. SuAmary, U.S. Govern-
ment, Printing Office, Waahington, D.C., 1964.



While a considuribJu il:uroaesa. ii the population ol thuvu urban fringe

rroas J u proiuted for 1970 (meo Seciun AIIL cil this report), the hest
Istimate of the dittribution ot poruoun living in places of over 2,500 :
population and thoso lIving outside such plucet ir tht, ame proportion

that oxistp today. The outdoor covorago in thusi tirban fringe areas In

1970 to ttiurefore pro,lo'tod at 75%, and tho Indoor coverage is then

3?.5%, uuing the arbitrary ratio u 1:0.5 butweon outdoor and indoor

covorago.

Nonurbuninud Aroan. In Bection A1Z, the urban population residing

in nonurbanized sron han been projected as being 40% of the total popu-

latlor of thu ij,'vnuilanizod areas. Since those urban places are defined

as Jivlig 2,500 or more reuidenta, the outdoor siren coverage in those

arota is 100%, according to tli problem statement. The indoor siren coy-

crago for nonurbanlzoJ areas in 1970 would then be 2(, again using the

arbitrary ratio of outdoor to indoor coverage.

I .as covorage otlmutou are entered on line 6 as shown:

- , jonjur aaron coveragsc (fractioto of population that
can hear sirens indoor&, by area)

Stop 7

The computations necosuary to convurt those iractions of both popu-

!.ation and covurage by area, jacto fra,-tions of the total population are

shown on lines 7, 8, and 9. Note that on line 8, both the existing and

other linom rf- crov-cd out, luiavia, the distribution fo- the 197U popu-

lation remaining. Those computations are shown below.

7. FiactioA of area poputations in shelter as a resultof ,
the stimulus fro, siren alerting (ine 6 Limes line). 5)

0. Fraction of U.S. population repiding in each area

i a;lani q

1970 0.333 0.324 0.313
Other l 4 111-0

(Cron@ out inapplicable line) __

9. Fraction of U S. poeulation in shelter in each area as _____ I_ __## _ _ t_ __

t resultof siren alertingALimuil (line8 times line7) - __G

26

--______________________•_______________ _ ____-___...___--___-..__



Step 8, Preliminary

The addition of columns a, b, and c on line 9 will result in the 4

fraction of the total. population in shelter as a result of warning from

the siren alerting mode. The result is entered on line 10 as shown

below, and on the summary, Part II of the weirkc-heet.

10. Fract~on of ItS mulea.ion in shelter due to siren
alerting (cum of no 9, columns a, b, and c)

Be~fore step 8 is completed, the fraction in shelter who were warned by

the no alerting zuode must be determined. The no alerting mode must be

include- in the system to brin~g the total coverage for all modes up

to 100%.

Reiteration of Steps 2-7 for Persons Warned by the No Alerting Mode

Again following the instructions and 'the worksheet, the fraction of

the population in shelter who were warned by the no alerting node is com-
puted, as illustrated by the sample worksheet beluw.

9. No Alerting Mode
COLUMN COLUMNW 0 COLUMN

CENTRAL CITY URBAN FRINGE NORMAN I Z90
AREAS AREAS AREAS

1. Time from decision to fallout arrival (from Part Ia. line 5) VT___* *in. VC- Mi. TA 1

2- Sysitem response time (time from decision to warn to
begin ni ng of exergency announcements) 1- n wi .&.AAR_ min.

3. Time remanv.in': to reach shelter (Iline I less J it~v :) #.E.uin .la.mi u&.m .

4. Fraction of population warned by the No Alerting Mode.
in shelter before fallIout a rrival time. (Us e c harts
for no alerting made 'it, utpropriste time era. Enter
char t .with time froms 3, a ove, read fraction from -
CUT-yen) £~?.

5. Fraction of populations not covered by' other warning A#D OAANI
modes, by area-

6. -F-act.n of aepouatiol~a in shelter who did not
receiv 4lertn; stimul u dline 5 times line 4) E......

7. Fracti-)n -If U.S. population residing in each area

Existing __________ gbf

1970 0.3_33 0,3.24IL-. . 3....
Other_______ - ______

(Croso out inapplicable line)

S. Fraction of U.S. population in shelter in each ares A * * I A~j
as a result of stjimulus (line 7 times line 6) WWW W ~ ~ ~ .~

9. Fraction of 'J.S. opulstion in shelter who have been.

wa rned by the No UAlerting Mode (sim of line 8,
Columns a, b. and V)
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Step S

The results of the computations of fraction o! the population in

rhfeler as a 1vc3ult of the siren alerting and no alerting modes may now

be entored on lines C and D of Part II of the worksheet. The sum of

thesc two fractions is the total fraction of the population in shelt.r

for the wariling system descr.bed, and is the numerical value of eIicL-

tiven'ss that was specified in the problem. Part II of the workshevt

is al )wn below.

PAhT 1I. WA.NIN GSYSTEI EVALUATION SUMARY

(See (nlhow. Iai .heats for deta led ealuaaion of *evar ag
3yatee .odex. Ii.ttte blo a. i aa u.s ary of th, svalautioo.)

FRACTIC,, OF POPULAT1ON
%AMING SYST± uUL 114 SHELTER WK2 WERE

WAMRNED BY FACH NODE

A. | idio ka rr;in

13. Indoor Alertting

£:. Sume Alertiig 4

D, Nv ulcriing

E. Tot"l popvulation iii shelter
reaulcL:tg fron this warriny
sytem conftgurat .i O
(aum of fractions from ljes A, fl, C, und V above)
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III APPLICATIONS OF THE EFFECTIVENESS MEASURE

Computations of warning system effectiveness such as those made in

Section II aremade as part of an analysis that will lead to a particular

decision related to warning systems. The present section shows how the
numerical expression for effectiveness can be used in two cost-effectiveness

analyses of warning systems. The first of the two examples is an applica-
tion of coat-effectiveness analysis to a system design decision; the sec-

ond, an application to show the contribution of radio warning to civil

defense programs.

The two applications are preceded by a general description of cost-

effectiveness analysis.

The examples presented herein are designed only to show how to make

the aual3sis with the aid of the numerical measure of effectiveness,

rathur than to prepare an analysis upon which conclusions should bu baeud.
Definitive analysis cannot be made without having reasonably firm costs

available for warning and shelter.

Applicable Theory of Cost-Effectiveness

In the use of cost-effectiveness analysis to reach a decision on an
investment, two persons are involved: an analyst and a decision-makei.

The task of the analyst is to present to the decision-maker data on rele-

vant alternative courses of action in such a way that the decision-maken'

function is expedited. The analyst must therefore use some technique for

eliminating alternatives that are not relevant and find a wa,, f prccn.t

iug Lhe remaining choices in a meaningful fashion.

A schedule of the cost and effectiveness of the various alternatives
prov-.des the analyst with the tool he needs to eliminate nonrelevant al-

ternatives and to present the data to the decision-maker in a meaninglul

way. Fox* describes the schedule and its preparation in the following

way:

* Peter D. Fox, "A Theory of Cost-Effectiveness for Military Systems

Analysis," Operations Research, Voi. XIII, No, 1 (January-February

i9b5).

29



1he analyst estimates the cost that would be incurred and the

effectiveness which would result ii each of the alternatives

were acquired. The analyst may normally discard an al-
ternative that both costs more and is less effective than
another alternative. On the other hand, if onc alternative

costs more but is more effective than another, the analyst

should present both alternatives to the decision-maker to

determine whether the additional effectiveness is worth the

additional costs involved. Thus, a series of effectiveness

leve'q may be available at different costs, and the maximum

effectiveness or minimum cost altetnatives each represent only
the end-points of a range of possible solutions.

The task of the analyst then, is to determine which systems
need not be considered by the decision-maker because there zre

one or more alternatives that either cost no more and are more
effective, or cost less and are at least as effective. The

systems that are not eliminated from cunsideraLion form the

schedule of efficient alternatives. This schedule may ckn-

sist of a series of specific alternatives or of a continuous

curve.

Figure [10] illustrates the formulation of a schedule for the

specific alternatives case. The analyst has estimated the cost

of each of seven alternatives, A1 through A7 ; he has also esti-

mated the effectiveness of each system relative to the mission

that the system is designed to perform. lie now seeks to derive

the schedule, assuming that the only information he has con-

cerning the preference of the decision-maker is that, fur sys-
tems with equal costs, the most effective system is desired,

and, for equally effective systemt, the lowest cost one is
desired.

Fux further rtatcs:

Systems are compared pairwise to derive the schedule. Alter-

native A 3 need not be considered further since Alternative A2

both costs less and is more effective. Thus, A2 is said to

dominate A3 , i.e., it is superior to A 3 based on the two cri-

teria that are assumed to be relevant. It cn be noted that

A 3 is also dominated by A4 and A5 . Similarly, 44 need not be
considered further since system A 5 is clearly superior. I,

after eliminating A 3 ant A4 , the remaining combinations of
pairs are examined, the analyst will be unable to find two

alternatives, say Al and Aj, iuch that Al is both more effec-

tvc and coLb less tna. Aj _The remaining fivv, then, are
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Figure 10

COST AND EFFECTIVENESS ALTERNATIVES--
SPECIFIC ALTERNATIVES CASE

OA 7

®A
6

A 5
A

0 
.

EFFECTIVENESS

Source: Fox, Peter D., " A Theory of

Cost-Effectiveness," previously cited.

members of the schedule of efficient alternatives that should

be presented to the decision-maker. These are represented by

dots surrounded by circles in Figure (101. A do-nothing alter-

native, represented by the origin, might be viewed as a sixth
member of the schedule.

ApplicatJon of Cost-Effectiveness Analysis to a Radio Wiraivg System
Design Decision

Consider this hypotheticni deci!on that arivbm during toe dLs±gn
ofa zradio warning system: use of an improved component in the system

design will Improve system response time for all of the radio-controlled
modes in a warning system by 10 seconds--should the component be used?

To prepare a cost-eZfectivvness schudule for the two alternatives

(use the component, or do not use it), it will first be necessary to con-
struct a set of conditions under which the evaluation is to take place.

With these conditions, the effectiveness of systems both with and without

the faster component will be computed. finally, a schedule will be pre-

pared from the computed effe2tiveness and the assumed covts.

( 31

- ----



To compute the effectiveness (fraction in shelter) for each ol the two

systems, assume the following conditions:

1. 1970 shelter and population prevail.

2. The United States has the capability to detect attack 15 minutes

prior to impact.

3. The decision to warn can be made in negligible time.

4. Radio warning coverage may vary from zero to 100' depending upon

receiver distribution.

5. Response time for the radio warning mode Js 43 seconds in urban-

ized and 33 seconds in nonurbanized areas. This can be improved

to 33 and 23 seconds, zespectively, with the improved component.

6. Sirens are activated as part of the radio warning system. Siren

mode response timt. is 1 minute, 33 seconds, for central city and

urban-fringe areas; 1 minute, 50 seconds, for nonurbanized areas.

Use of the improved component will improve each of these times

by 10 seconus.

7. Siren effectiveness will be ev .luated for the case of close
radio support and LO population readiness (effectiveness

Case II).

8. &.atuoor siren coverage is arsuyned to be 130% for central cities,

88% for urban-fringe areas, and 28%, for nonurbanized areas. In-

door coverage (to be used in this analysis) is assumed to be

50% of the outdoor coverage.

9. hinergency radio announcements over commercial broadcast stations

will be activated as a part of the '_di'- .:rning Zn-u.. -

gency announcements will start 1 minute 30 seconds after deci-

sion to warn. With the improved component, announcements will

begin I minute '-(- seconds after dectiion.

To determine the increase In effectiveness due to the lU-second

Improvement in speed of response, four effectiveness computations need

to be made to cover the range of radio warning modes:

i. 0% radio warning receiver coverage, slow response;

2. 100' radio warning receiver coverage, slow response;

3. 0% radio warning receiver coverage, fast response; and

4. I00% radio warning receiver coverage, fast response.
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Effectiveness at intermediate values of receiver coverage will 'e

directly proportional to the receiver coverage in the interval between

zero and 1000 coverage.

The four computations of effectiveness to be made differ slightly

from the example given in Section II because of the need to preserve the

accuracy of reading the charts. Rather than trying to read the time

values (which are only 10 secondt apart) from the charts, use the follow-

ang interpolation technique to compute the radio warning effectiveness

for central cities for the slow response and the fast response system:

1. The time available to reach shelter (time from decision to warn

to time of fallout arrival less system response time) is between

44 and 45 minutes. The fraction in shelter at 44 minutes after

the alert signal sounds for radio warning, 1970 shelter posture,

in central cities is 0.968. At 45 minutes this same fraction

is 0.972.

2. The fraction of the population in shelter at 44 minutes 17 sec-

onds is 17/60 of the difference, 0.004, between the fraction in

shelter at 44 minutes and the fraction in shelter at 45 minutes,

plus the fraction in shelter at 44 minutes. The resulting frac-

tion in shelter at 44 minutes 17 seconds is: 0.968 + 17/60

(0.004) = 0.969.

3. Similarly, the fra:ction in shelter at 44 minutc 27 seconds is:

0.963 + 27/60 (0.013) = 0.970.

This same technique is used to compule the fractior in shelter for

radio warning, 100% receier coverago, for urban-fringe and nonurbanized

areas, followed b 3 the computation on the worksheet for lines 6-9.

Likewise ' the zero perccnt radlu warning receiver covorage effec-

tiveness values are found by using the ixiterpolation from technique

above, to find the contribution to the fraction in shelter by the siren

alerting and no alerting modes.

The cost-Hffectiveness schedule can new be prepared 11 the receiver

cost is escimated at $15 and the estimate of 65 million receivers to

achieve 100% receiver distribution is made. T-he receiver cost and the

cost of faster response are the only costs being considered here.

The coat-effectivcaess schedule for the four system configurations

is shown in Table 2.
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Tabl e 2

COST-iFECTIVENESS SCIEDULE YOH
IMPROVED RESPONSE TIME

Fraction Cost

in (millions
Cot figuration Shelter of dollars)

1. 0% receiver coverage, slow response 0.535 $ 0.000
2. 100% receiver coverage, slow response 0.977 975.000

3. 0% receiver coverage, fast response 0.537 0.250

4. 1007 receiver coverage, fast response 0.978 975.250

The schedule is plotted in Figure Ll.

Figure I1

COST- EFFECTIVENESS SCHEDULE FOR
IMPROVED RESPONSE TIME

0 00

800

. 400

J 200

0A3'0 250 millions
0 .2 .4 .6 .8 1.0 .535 .537

FRACTION IN SHELTER It 34
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In Figure 11 the lower enlarged portion shows the cost plotted

against effectiveness fur configurations 1 (slow response, zero coverage)

and 3 (fast response, zero coverage), identified by the circled numbers.

Both points 1 and 3 must be presented to the dccisio,-maker, since
point 3 has higher effectiveness than point 1, but also has a higher

cost. The decision to approve configuration 3 would imply a willingness
t3 spend $0.250 million in order to obtain an added fraction in shelter

of .003, which the analyst could express as a ratio of dollars per added

person sheltered if such information is useful to the decision-maker.

The heavy line between configurations 3 and 4 indicates that the

3-4 configurations dominate the 1-2 coifiguratio.s at all points; i.e.,

thk!y obtain greater effectiveness for the same or lower cost. This domi-

nance may be seen clearly in the lower enlarged portion, where point 3

dominates all points from A to B inclusive on the 1-2 configuration line,

indicating that spending $0.250 million oL configuration 3 is preferable

to spending even greater amounts on added receiver coverage for configu-

ration 1. Below point A, the heavy line follows thL. slow response con-

figuration line, indicating that if less than $0.250 million is available;

system effectiveness could best be increased by adding receiver coverage

to configuration 1.

Application of Cost-Effectiveness Analysis to Determine the Contribution
of Radio Warning to CiviL Defense Programs

In the following example a cost-effectiveness schedule is prepared
for four hypothetical civil defense programs. In these programs only the

uarning and shelter portions will be considered. The four programs pre:

e......i... .wArnngcpabl ty, existing shelter capability plus

radio warning, shelter development (1970 shelter) plus existing warning

capability, and shelter development plus radio warning. For each of the
programs that include radio warning, the cost and effectiveness are

computed over a range of receiver distribution coverage from zero to

100 percent.

In the analysis of each of the systems that follows, the detection

capability is assumed to be 15 minuLes from detection to impact, and the

decision to warn will require negligible time. In all cases, the attack

is a surprise, or it comes after a very rapid crisis buildup, which

leaves the population unprepared to respond to warning. Also, in the

following analysez, the total cost of programs includes capital outlays

for equipment, plus estimated operating and maintenance costs for 10

years.
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The fuur systems are described in the following paragraphs.

Program t, Existing Shelter, ExiAting Warning System

In this program the number of shelter spaces grows at about the same

rate aq does the population, and distribution of the population growth is

such that the coverage from existing sirens remains about the same in

terms of percentages of population who can be alerted by sirens. These

assumptions allow the use of the charts for the existing shelter posture

to be used over the 10-year period.

For the existing siren system, assume that the outdoor siren cover-

ages are 50 percent of central city residents, 20 percent of urban fringe

area residents, and 10 percent of nonurbanized area residents, Indoor

coverages will be one-half of these figures. lesponse time for the sirens

j.n central cities will be 30 minutes, in urban fringe areas 40 minutes,
and in nonurbanized areas 50 m.nutes. Each of these times includes

1.0 minute for the siren motor to come up to speed and begin delivering

full output.

Emergency radio broadcasts will begin five minutes after the deci-

sion to uarn.

Cost of this existing system is estimated at $30 million. This in-

cLudes operating costs of $2.5 million per year and warning maintenauce
costs and cost of finding new shelter to total $5 million over the five

years.

Program II, Existing Shelter, Radio Warning

T.is -.. .. .n-,a Jr d t 5heiter posture a 'h fiibt,

but also includes a radio warning system. To allow for uncertainties in

receiver distribution, a range of coverage from zero to I0 Percent for

the radio warning mode is analyzed. Response time for the raciio warning

mode is 0.7 minute in central city and urban fringe areas, 0.5 minute in

nonurbanized areas.

Sirens and emergency announcements over commercial radio are con-

trolled by the radio warning system. Since coverage is the same as in

the first program, response time for sirens is 1.5 minutes for central

city and urban fringe areas, 1.8 minutes for nonurbanized areas. Eher-

gency announcements begin over broadcast stations in 1.5 minutes.
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Cost of tills system is estimated to be $35 illion plus $15 per re-
ceiver up to 65 millj~n receivers. f the $35 million, $30 million will

be required for control and broadcast transmitters, receiving equipment,
and the operation and mai,:tenance of this equipment and transmitters.
Five million dollars will agai," be required for additional shelter survey

and siren maintenanice.

Program III, Improved Shelter, x'itirng Warning

This program includes shelter develcpmrtt to bring the shelter sys-
tem up to the 1970 shelter posture shown, lut coes not include improve-

ment of the wrning system. Siren coveragt remains about the same as at
present.

Siren coverage and response time are as estimated in Program 1.
Emergency broadcast response time is also the same as in Program I.

Program cost is estimpted at $1.00! billion. Of his cost, $1 bil-
lion will be required to survey and develop the additional shelter spaces,
and $1 million for siren maintenance and operation over the 10-year

period.

Program IV, Improved Shelter, Radio Warning

The fourth program includes both the shelter development of the
third program and the radio warning system described in Program II. Sys-
tem performance for these parts is the same as in the earlier program.

Program cost is estimated at $I.031 billion, plus receiver cost of
$15 each. This cost is made up of $1 billion for shelter development,
$30 millfon for radio warning transmitters, receiving eq'ip-mcnt, and

opti.,i , ano $1 million fur siren maintenance and operation.

Cost-Effectiveness Schedule

The effectiveness of each of the programs is compute from the
description given. A tabulation of the cost and effectivene5s of the
four programs is shown in Taile 3.
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Table i

COST-EFFECTIVENESS SCHEDULE FOR

CIVIL DEFENSE PROGRAMS

kraction Cost
il (millions

Shelter of dollars)

I Existing Shelter, Existing Warning 0.149 $ 30
II Existing Shelter, Radio Warning,

0% coverage 0.161 35
100% coverage 0.354 1,010

III Improved Shelter, Existing Warning 0.316 1,026
IV Improved Shelter, Radio Warning,

0% coverage 0.349 1,031
100% coverage 0.977 2,006

The cost and effectiveness are plotted in Figure 12.

Figure 12

COST-EFFECTIVENESS SCHEDULE FOR
CIVIL DEFENSE PROGRAMS
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Analysis of Figure 12 shows only a few dominant points. For Pr,,-

gram II costs somewhat higher than $800 million, Program 11 dominates

Program III, since each level of expenditure on Program Ii over this

level will provide more effectiveness at less cost than would Prograin 1i1.

Likewise, the extreme high range of expenditure on Prograo II dominates

the extreme lower end of the range of receiver distrtbution in Program 1 .
Neither of these extreme ranges is likely to be obtained in practice,

however.

After elimination of these dominated points, the romai_r of Fig-

ure 12 shows that increased effectiven-ss can be obtained at increased
levels of cost. The selection of a jev21 of cost and elfectivenuas are
now the respoasibility of the decision-maker.

Figure 12 illustrates an interesting interrelationship between the

effectivenes at of warning and the effectiveness of shelters. The increase-

in effectiveness from the additional shelter spaces together with radio

warning is greater than the increase in effectiveness from ading shel-
ters alone plus the increase in effectiveness from adding radio warning V
alone. That is, the effectiveness of Program I is .149 of the popuJation

in shelter, Adding additional shelters to Program I (resulting in Pro-

gram IIl with an effectiveness of 0.316) results in an added effective- A
iness of 0.167 of the population in shelter. The increased gained in -_

fraction in shelter by the addition of radio warning with 100% receiver

coverage to Program I (resulting in Prograr. II with 100% coverage, with

an effectiveness of 0.354) is 0.20t.. The sum of these two increa-es,
taken separately, is 0.35J. Taken together, the added number of shelters
and radio warning with 100' '.cover'age (reulting in Program IV with 1CO%

receiver coverage, with an efLpctivenvess of 0.917) give an increase of

0.828 of the population in shelter, almost thre times the increase in J
the sum of effectiveness of the t~o programs taken separately. The in-
terrelationship tnus illustrated str'ongly sugge.ts that a combiiation 0I
partial receiver coverage and partial ac<.oitpliEhwent oW the shelter de-
velopment might. result in a greater effo.ctiveness at an) level of Cost
than the sequential accomplishment of the two f-,,g .

The same conclusion could be reached by observing that the lesser

slope of the Program IV line (cormpared with the Program I1 line) imdi-

cates a !iuch greater effectiveness per dollar expended for increased

radio w.trning coverege vhen the in:reased coverage 'is accompanied by the
shelter development of Program IV.
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A I NTRODUCTIOW

The curves of fraction of the population vs time after alert signal

sounds (Figures 1-8) are the basis of the computation of the effective-

ness of radio warning as described in this report. These curves have

been generated by a model of the movement to shelter process. This model

is a simplified and idealized descripti.on of the times people take to do

the things they must do before tley arriva at their assigned fallout

shelter.

Taese things that people must do before they reach shelter are

divided into three groups: alert verification, movement preparation,

and movement. Alert verification is the process of hearing the warning

signals, understanding them, and deciding to act upon them. Movement

preparati.on is the piocess of getting ready to wove to shelter. Movement

to shelter is the process of traversing the distance between the pre-

warning location and shelter.

The times required to accomplish these actions will not be the same

for everyone: indeed, the time to accomplish an action might not be the

same f.r the same person on two separate trials. Because of this varia-

bility, the tiiaes required for a group of persons to complete an action

must be described by a formula, curve, or table, which describes the

fraction of the number in the group who are expected to complete the

cutiun within a given interva], or by a given time. Such a formula,

curve, or table doscribing the times associatod with a fraction of the

population completing a process is called a distribution function, or a

distribution.

The time to complete the three actiona and thus reuc 1 shelter i,
the sum of the times required for the thro, t- n, if a,, indlvi,.. ...

- Viilhidurad. Again, however, the function of the sum of these three

dlw;rlbUtieun fur n group (i pormonms Is iteolf & diutriuution.

Opuratlns he"Oarch, Jmnc,* (OI) developed a model that uses these

timn to, find tile .iu1,r ul pUkmons Ina hhulter ut a givon time aitvr the

W. A. Oamborg, A. M, "aluo, alnd !1. Watkins, "A t.udy o "rucL:tIC:l IovU-
nI. l CocUpts In Civil Dul Uwso Plall ling, Opurmatleua RU5IViAIU ltnu."

'uchui';L. IWIPjoIL No, 210, August l U3,
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alert signal sounds. In the study reported her,, OUI'h model has fJU-n 
adapted to fit the data and computational scheme required for use on a
natirnnwide basis. A schematiL diagram of the model is shown by Figure 13. 4
This diagram shows how available exporimeiital data have been used to pro-
duce eE-lmates of the distributions of alert verification tiles and move-
ment prepa.'ation times. The distributions of alert verification timc an r
Ei-vement preparaticn time are combined into a distribution of starting

times. Census data and fallout shelter data, used with assumptions about
the speed oi travel, result in a distribution of movement times. The re-
sulting distributions of starting times and movement times are finally
combined into a distribution of times to reach shvltez after *he alert
signal starts, which, when plotted, result in a curve showing the frac-

tion of the population in shelter as a function of the time after the
alert signal sounds.

The analysis used to arrive at the distributions is presented in
Sections All and AIII. Section AI describes the analysis of the alert
verification time distribution, movement time distribution, and the re-
sulting starting time distribution. Section AIII describes the analysis
of movement tines and discusses the combination of movement time a;id
starting time distributioiis into the final distribution of time required
to reach shelter.

I -.
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AII STARTING TIME ANALYSIS

The analysis of starting time distributions includes an analysis of

alert verification time distribution and of movement preparation time

dis-,ribution, and an analysis of how the two distributions are combined.

Alert Verification Time

Alert verification time begins when the alert signal first begins

to sound, and ends when the indfvidual decides to take action and begins

to prepare to seek protection from the event warned against, The indi-

vidual may perform a number of subordinate processes during the alert
verification time. They are:

1. Hear signal
2. Re'ognize signal

3. Seek confirmation of signal meaning and validity

4. Find confirmation of signal meaning and validity
5. Relate signal meaning to self

6. Decide to act

To illustrate these sub-processes that take place during the alert
verification tine, consider a persor who is asleep as the telephone begins

to ring. Some time after the ringing starts, he will become aroused

enough to be consciously aware of the ringing (hear signal). Shortly

thereafter he will recognize the sound as that oi the telephone (recog-
nize signal) lie ray wait for another ring to asbure himself that the

ringing is not the result of a dialing error on the part of the caller
(conir t..n c! . zl...ty) A-; .a( someone rcally "' aklt to talk to him

(relate meaning to self), after which he decides he must got out of bed

and answer (decision tu act). Finally he takes this actionA. In this
illustration, thc repeated suunding of the telephonu serves as a confir-
mation to the listoner. In tho civi] defense warning modes, h separate

voice cojnirmation is used. Tli procuses are, otherwise 1dent).cul.

As part of a study to dotormine the time requirod to leave home lor
a fallout sheltr in uopunse to a 'urning, 0111 conducted an expvrtment
to determinu the response uf a ulsuping populutiun to un ua'ly-ifu iting

i 14



telephone call. ORI cailed approximately 100 persons in Atlant, Geo.rgia,-

between 12:00 midnight and 5:00 a. i. and measured the time between the j
first ring of the telephone and the time thaL the respondent spoke th.

first word. The results of this experiment are shown in Figures 14 and 15.

Unfortunately, it Is not as easy to obtain data on the response of

people to civil defense alerting devices as on their response to the tele-

phone ring. Not only is the response to the civil defense alert more com-

plex arid hence more difficult to measure, but the measurement of the

response is more difficult becaus0 there is no two-way communication with

the person when he responds, as there is in the case of the telephone.

Then, too, there are constraints that would make the sounding of an alert-

ing device unfeasible or inadvisable for such a test.

Since there is difficulty in measuring alert verification time for

an individual, the follo.v'ing approach is used to construct the alert veri-

fication time distribution. First, data collented in the Lelephone ex-

periment are used to define the form of a probability distribution assumed

to represent the response time fur any alert signal. This formula, which

describes the distribution, contains a constant a, which determines the
spread of the distribution of alert verification times. Each warning

mode is then analyzed to determine the appropriate value of Cr.

Determination of the Form of Alert Verification Time Distributions

The histogram of measured responses to the telephone call shown by

Figure 14 shows a rate of responses that increases rather rapidly with

time, then falls off more gradually. 1his rapid rise and more gradual

fall can be described by a relationship of the fer.: f(t) = a2 te-C't;

w.rere f(t) is a probability density distributing function,t or mcre simply,

* T. L. Newburry, J. C. Wden-ield, and D. T. Kvlluy, "'xperlmental Mea-

surement of the Time Required for an At-Home Sleeping Populatton to

Pr Cpa. .Z Rivji Leinc Fllout L Lur," Operations

Research, Inc., Draft Report No. TM-151-62.

t Thu probability dunsty di.tributie function may be Interpreted in

thc following way: Ii one selcets a small interval about a giVenl
value oi v say vl , and samples individuals at random fioie tht ppuu-
lutiuo, he I requuncy with which the si-sumpe)cd timu viluc- fall iI,

the int,- val i g von upi)pruximatuly by f(v 1 ) time.4 the width of the
11nturval (the accuracy of the approximatiol. ii imiprovod oithur by mu-

ii,& the inturval sbrmillu" vi tlu saui , le larger, or both)

I
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tI.- Aistribution of alert verification tiwes; t is the time since the
d.iert signal has sounded; and xi is a constant that determirzes thu. shapu
0 file distribution. Trhe Ileain time for this distribution is 2/(.t anid

tile irixiutum value of thle funiction occurs at t~l/a.

using the mean values of the OI telephone data to determine thL

m.oaz n 9I-e for the formula for distribu~tion of alert verification time,
*a dit-Aiutlon ior response to a telephone ring is computed. A comnpari-

son flC thne resulting frequency distributions and cumulative distributions

wit L11Lie ORT telephone data is shown by Figures 14 and 15. These figuzes

sinew a gouti fit between the data and the assumed formula.

Alart Verification Time Distribution for Padio Warning

11-t iudio warning mode consists of an ilert signal delivered Lhe-

population by indocr radio warning receiv'ers, followed by a warrslig mes-
s age automatIi cally delivered by the saine receiver.

'e aiert verification time for radio warning was determinec! by

uzuing that thL peal, of the distribution (i.e. , the rna' anum number oiI responses in a unit time) will Orcur at the end of the i..rst repetition

of the cycle ol alert signals and i2onfirnirg mebbages.

From thle curve for responses to thec telephonu call, it appears that
auout 90% of tho population -wouli respond to a signal in 0.5 miLnute. 1It
is Z'Ssumn':d 1foI the: p)uI'poses of thIs report that this is the opl ~mum tinie

for Sourdint tile alert signal. It is fauther assumed tlhat an eifective

wanii cii sp adio cand T(aumUcr in one haf inue, exte tpon tciilervo

warin wrnig cw b ill thusre biOe-i co m nte ov, based upone thev plry

S$IjQUal !A1 I. T he Valtue (if :4 which places tieL pealk linube. (if pul-:oils

PreaJliluli' l~ ait .0 tJminutc, is J .0. Th'lis value of ('4 (1 .U) is thle one

tina has boun Used tu cun:Atruct th.' C ;.j '~r~ua ln

V~i t jzru altv el lrt signal sounds for radio Nharrliiih.

Alert Vcrl icu t oni TImeiiu atributu~i for IItndre r AlierItl 5 lV

'111e irnin" aLivi ,fill; iode u:onnai.;tn, of LAI lt l nIIgi dulivulod 1

U-, publi by ill Inodoor ili'litln1i g de;vl(ce suchi at A NEARI rv(oi ver olF Lin
a Ii' I-onnl y aud I oc~ I O-Jvon and Li coultr Iinnilg n11'kLuu dcii vurud OJVUI. cuil1

ru#JeiUJil ii i tuli.'iiti iiSativn;K N
iC
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The alert verification time distribution for indoor alertinig ja -

derived from the alert verification time distribotion for radio warning.

The indoor alerting mcde differs from the radio warning mode in that the

individual who hears the alerting signal from the indoor alerting device

must sock confirmation from anotlmer source (home radio or TV), whereas
1 in radio warning, voice confirmation is automatically provided, It is

reasonable to assume that the peak number of responses per unit time will

still fall immediately after the completien of the confi'm~n;; voice mes-

sage. The voice message in the indoor alerting mode cannot, however, be

received until the individual goes to his radio or TV and activates it.

Th- time to activate the confirming source must therefore be added to

the time for the alert signal and voice message found for radio warning

to determine the time to the end of the voice message.

The time required to find and activate the confirming source will

not be the same for everyone. Another distribution will thus be requireo

to describe it completely. Unfortunately, no data are available to at(.

in describing such a distribution. It does seem reasonable, however, to

estimate that about one minute would be required to turn on a radio, wait
for warnings, and find a station. It has therefore been estimted that

the effect of adding the distribution of times to activate the household

radio after the alerting signal has been heard would be the same as the

effect of adding one minute to the time of the peak respinse in the dis-

tributing function of alert verification times for radio warning.

The value o1 a, which n'ekes the alert verification time clistribuclnZ i
function peak at two minutes, is 0.5. This is the value used to deirmirie

the fraection of the population in shelter as a result of having beet,

warned by thu indoor alerting mode,

Alert Verlifi,:ation lime Distribution.4 for Siren Alfrtirg

an outdoor siren, and a cozinirriing mes.age de]. vereq o yo-_ commrciAl radio

Whuruon a singK distribution olAo be developed for thu alert vor-

ficatlon Llm!, ;'or ratio "a'n.]g and icr .ndoor alorting, a range of dis-
tribution must b- *.rusontod for the siren alerting mode because el tho
rUan| - Qi I" i N111 i u[Jpprt that nay accompany the slreis and the lets aiF-

ti-;.tvu 1ucund oW birU, u compaA'Ud to the Induor aiain deviceG Just

I ' dlst.ut..ud.

4 I
F?

006_
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In the development of the p-Araweter, ki, for the alert verilicaLion

time of the indoor alerting mode, it was anticipated that the emergency

radio broadcast would be on the air by the time peopie responded to the

alerting signal and turned on their radios, since an advanced system-

such as indoor alerting would require simultaneous radio broadcasting to

justify the relatively high cost of such a system. On th,! other hand,

the outdoor sirens might operate in a condition such as pirvails today,

where the radio emergency announcements would not be made for several
mindtes after the sirens had begun their alert signals.

The fact that siren alerting signals are similar to siren signals

heard routinely by the public from ambulances, fire trucks, and police

vehicles also dictates that a range of alert verification time distrlbu-

tions be considered. The differences between civil defense sirens and

those on emergency vehicles arc duration, movement, pitch, and, in some

cases, coding. To distinguish between these features of the two signals

will require a period of time and concentration on the sounds. The

casual listener will not give the concentration required inless hC is

inLimately familiar with the signal and pitch differences of the two
types of emergency signals, but he may offer this attention if the siren

signal persists Zor an extended period of time. The population may offer
the required attention to the civil defense siren signals more quickly

under two conditions: (1) in a period of crisis du:'ing which the threat
of ettack becomes more immediate and civil defense instructions are given

extraordinary heed, or (2) when a concerted effort is made to make the
population aware of the civil defense siren sounds through a massiv'e pro-

naotional program. Even in the crisis period, however, time is required

to lear-n .o listen to the signals, vith the result that an attack after

a crisis of only a day or two, or a surprise attack, might find the pub-

lic unprepared for the siren signal. Under these conditions the alert

verification process would be speeded up, in the sense that a greater
fraction of the population might be alerted within a given time. or a

given fraction of the population would complete the verification process --

faster under the crisis or training condition.

Since a single distribution cannot be conatructed for the range ol --

conditlos under whiJch .. : siren mode might be used to warn the popula-

tion, a range of values of u is determined, and guidelines are formulated
for selecting valuep of fraction of the population in shelter within that
range.

=4

The conditions for siren mcde N-irning wher; radio bupport is bluw
And whore the public is unprepared f'r warning represents the slew n limt

40I
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of the distribution. In a false air raid alert in Chicago in 1959,*
sirens were sounded at night under conditions where radiv broadcasts-
were not msde and whero the population was not prepared for warning.
Using as a basis the study of the respoases of the people to this fals'c

alert, SRI haF prepared estimates of the number of persons who came to
recugrnize the siren signal within various tiwe5 after the alert began. t

The estimates are plot~ted as x's on Figure 16, wlb.1e the solid line nn
the figure shows the values obtained from the alert verification timc
distribut~ng fu:.ction with a value of CX that maker. the mean VAlue Oj the
functien represented by the curve the same as the ,%can value of the esti-

mated points. Mhe value of ct used is 0.17, resulting in a %rodal valtie
of 1/.17 or about six minutes. FItgure 16 sbows a good correspondence
between the previous esitimates and the distrit~uting function selected,

Fio":c, 16

ALERT VERIFiCATION TIME DISTRIBUTIONS -

SIREN ALERTING
Z
0 1.2 ~.- 5I.T

-. -COMv"urED FROM
0 I FORMULA

.8
7-

U.i .4-

.2

TIME~ - minutes

*E11hu KtJoy In Mudville, Nutional Opinirni Ileuve-rch Ct:,V' Un'i.-
[oburty o. Chicago), Juav 1960.L

t Robut A.iHrker, I!1chuld L. Goon, and Kendall 1). Mull , A Votbod 2cor

t uto-, A draft. xcpuirt priepared icr- thu Ixu.ti tutu fur, 1juiJillu AiJ~i

J Octuijr l19b4.
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A populationl that is ready to react to the Sirens and Is in a warni-

ing ,Mvironment where emiergency arinlounceraclts ever radio and TV are

broadcast at the same ttme as the si.ren signalb will hlaV anl alertl 11erUI-

f icationl time distr'ibution approac. ing that for ths, indoor alerting Modi".

However, it is believed that the siren alerting rnc-de cannot equal the:

soeed of indoor alerting because the lack: r-1 Llitinetiveness" fi tilL b.'Arll

signal will always result in listeners requiring more timie to rucognize -

it. A value of 0.33 wau therefore checser. as the value for thu last ro-

ponse to 5irens, resultin'g in a modal valuc of 1/.33 or three ;-iuiutes.

Between the limits of thr two cases Just. described--sirunk; unsup-

ported by radio broadcast warning kn unpreppred population rind ie.

supported by radio broadcasts warning a prepared population--two initer-

-4mediate cases are of interest. These cases are thovse of Slrernb hupp,'l'ed

by ralio broadcasts warning an unprepared population arid sirens! ozisup-
poirt(d L:, radio broadcasts warning a prepared population. Thu twoi ito] ts

and the _io izx/crnediatc Ca.SV5 are absiigil-d birALn c~utvei~ ab(. nunfi-

a,, Table 4

- ):RLEN L FZTIVLEtSS CASE~S

LO I

* ~in rublo 4, population pruparodriesu IH lion 11.11 i d by 1,0) ,eu1"iimnap, I II%,

atate thit e-x1 Stu todrY' , minI HI , 11 01 would reV1u 1 1 rih U I-A "sl rt'l
cri sis or from an tx trourdiliur~y Oftvrit I( Incherullns, jih II ic~sIIlo

throuZgh putlic iseinermat ion Itud It) b)vuad(.Iit Iulipto I i r I lidt1 I1 A cd I,-,

RXititIi:, ths Calie thut oxlutk today , whoru Iiuvolul iii a1iudij IJI .

butwuon thu 9ilan sig~uk) titart tAnd thu .Lari. ,I Iuligei irtiu i lv

and Cl0hj wheure ti'Oe 16.6te ti U irorgoicy J& Litilii i 4I410 Wuhi"I

cluly 1(l!uw thei Uurt 01 tlhu Allen £IIk!u11tlm.

'Tfi alvi I vurlifini lul tlieu dlita ilutit~zit, iill .15wn I silo IV at,,

UIV Ilni t~lig culovi, bjiicu Whe U1)iruaiI bojtlwi tht I jifil ti Ile hot j ica



(see FIgures 3 anld 7) thcie Itor%,a l beiw~uen t I two) I i'UIs ()I I)n uQaar
has been divje j in to threct equal Part6 ill Suir( a Wajv that the teast
b"tveen the floUt* Casesn are equal . u upper UPI' lir-it oL th1 Lbv cuvt j t

th ~ O Wc ~ I olatioll inl helttee ho) C'i',a, TV
tile particular tine after. the alerVt signal .5uild-s;inturpoi;1t19g(I~,i

dnin to thle region givesc. thc Iractioni tor case III; ent-thi id (-)I h

the curvu,

Figure 17
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Alert Vriiutioi Time Vistt'ibution for No Alerting[

The no Palerting mode olf wurning consists of warninp WI thout the, useoo1 an alerting sig&nal. Perbowvi watrned 1by this miede may hear evnorgeney
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broadcasts over radio or TV it they have th,:ir radio and TV suts on and

are listening. Persons mav also be warnied. WithoUt Ising alrting devicus.
through communi ty actioll ol a'prcad i ng thl wafrning by word () iouth. Cor-
tact:, b% telepholv 'arc ntot consi,_li'vd because the t ,lephoau syster, mny be,

overloaded or subjected to restriction by the telephonc company during

the emergency period.

SI2 has prepared an estimate of t' e fraction of the population warned
for a nighttime eondition without usini6 alerting duvices.* These csti-
rmates are baled on an earlier SRI analysis of the response ot the resi-

dents of several California conununities to nighttime flood warnings. 'Ihe

estimates are shown by x's on Figure l . Also shown on Figure 18 is a

solid line compted from the alert verification tim. distributing formula

with a 'alue of A obtained by matching the mean value of the furmula with

that of the points in the estimate. The resulting value of Lt is 0.0275.

Thi, is thu value of alp.'a used in the alert verificatloo time distribut-

ing fuimula that was used to prepare the curves for fraction ol the popu-
lation in ll e as a function 'jL time after emergency broadcast -starts

for the no alert warning mode.

Fir,.:e 18
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Mlovemenlt Preparation Time

Once th e individual has decided that action is required. preparation.s

must be made before he car; begin the rovumert toward shelter. he. tire

consumed in making these preparations is called movumrhlt prupia'tinL tim(-.

Movement preparatio1 time lit-gins Whetn the individual ve -ifie5 tbU alex

and decides to act, and ends whet he begins movenuit toward shelttr.

These preparations include the shutdown of utilities, the collecuIoji 01
clothing and personal effects that will be needod in the sheC! te, and

securing the honme.

ORI performed an experiment to detcr'inint the proparat ioi, ti..c for a

nighttime population. The results are sho-w n in Figure 19. While OPI

gave certain caveats about using these data for a nationwide preoparation
time, the set of modifying circumnstances is clo(su enouigh- to this 6itua-
ti011 for their data to be usable hc,-e. The exporiimuntal pr'obabilit - di.s-

trlbutiou indicated by the e':puriieiwnt has, therelor, bou uppruxi.ILaud

b" a formula sililar to that used for the alert verilication time:

f(t) , 2 te t; where i(t) is probability density distribution function
for preparation times; t is the time since pre parations began; and is

a constant that determines the shape of Ih'- curve. The assuw:ud dittbu-
',ion with thif lormula is also plotted on Figurt 19. The value of
computed from the mean of the sample data, is 0.4l. Again, Figure 19

shows good agreerment betw.ecl the sample data and Y]TL a sumed fox;iula.

z Figure 19
0 MOVEMENT PRFPARATION TIME DISTRIBUTIONS
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Computing Starting Time Distriibutions

Once the ,robability that an individual will complete the alert
verification process and the movement preparation in a given time has
been determined, the next step is to compute the probabi]ly that he

will be ready in lcave !or tie shelter at a given time after the ai, L
signal begins. Since the individual is now being considered, the two
times cannut be simply added together, because tiere is no discrete time

assigned to either event. Rather, a distributing function must be con-

structed for the sum of the two times, alert veritication anC movement
prcparatien. using the distributing lunctions for the two times. The

value of the distributing function for the sm of the two times, at any

time, T is the sum of the products of the two distributing functions.

evaluated for all possible combinations Ol the two times, whih add up

to T. This is simply a statement that the fraction ci the population

that requires, say, 10 minutes to complete both verificaLier and prepara-

tion is the sum cf the following fractions of the population: the frac-

tion that V.oUld comp ctc verification in 5 minutes and preparation in

m minutes, the fraction that would complete veriliction in 4 minutes
and preparation in 6 minutes, the fraction that 'would complete verifica-

tion in 6 minutes and preparation in 4 ininutos, and so on for all ccmbi-
nations of time that total 10 minutes. This process is repeated for all

values of T.

Figure 20 illustrates the shape of a starting time d-stributon.

Also shown on Fxgure 20 is the movement preparatioin time distribution
and alert verification Lime distribution from which it is obtained.

II 55!



Figure 20
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AIII MOVLIENT TIME ANALYSIS

The manner in ;hich the movenent time distributions ior the existing

and 1970 shelter puL ures were developed, is described in this section.

Also discussed is the "'hthcd h Lhk starting time distriution wa:;

combined wit!. Lhe movement time distribution to yield the number expected

in shelter as a function of time after the alert signal starts.

Movement time is the time elapsing between the instant an individual
completes his prepaiations to move to shelter and starts moving toward

shelter and the instant at which he arrives at the shelter. The movement

timde !.or an individual is determined solely by the distance he must travel

between his location at the time of the eme.'gency and his assigned shel-

ter, and the average speed he is likely to attain in treaversing this dis-

tance.

To simplify the problem of deriving the distributing functions for
movement time, the location of the population at the time the warning is

delivered will be specified as the resident population. This population

distribution would be apprcxfimated it an attack occurred during the night-

time hours. This approximation is sufficiently accurate, since this

method ha: been designed for evaluation o" systems involving radio warn-

ing, .hich employs an indoor device most applicable to these periods when

most of the population is at home.

"The nuMber itnd location of the population, as well] as the number and

locations of the shelters for the public, will change with time. To pro-

vide a lange of these variables over which to analyze warning systems.

-. z G if jtvemenl time dihtrlbutions ,ave been derived: one !or the

1960 resident population and the number and location of fallout shelter

spaces in existence on January 1, 1965; and the second for the estimated

1970 resident population and the estimated number and location of shelter

spaces that would result from the implementation of a nationwide shelter

development program These two sets of conditions of people and shelters

are called the exi. titg shelter posture and the 1970 shelter posture,

respectively.

Because population density and availability of sheter are different

in laige cities, in suburbs of large cities, and in rural areas (includ-

ing small towns), warning system performance may not be the same in each
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oi these areas. Also, Ohe arrival time ol thu_ fallout frm a nuclear

attack is assumed to bu longer iii noinctropol i tan a'eas than in uetkrj-

politan areas. To allow tor these difierences, three rra:vmenL time dis-

tributions have been prepared and kept separated for each shelter posture.

The three distributions are for central cities 01 urbanized areas, urban

fringe areas, and nonurbanized areas.

The census defines an urbanized area as one which

ccntains at least one city of 50,000 inhabitants cr mo,'e

in 1960, as well as the surrounding closely settled incorporated

places and unincorporated areas that meet the criteria listed

beluA. An urbanized area may be thought of as divided into the

central city, or cities, and the remainder of the area, or the

urban fe'inge ....

In addilion to its central city or citirs, an urbanized area

contains the following types of contiguous areas, which to-

gether constitute itri urban fringe:

1. Incorporated places with 2,500 inhabitants or more.

2. Incor'porated places with less than 2,300 inhabitants,

provided each has a closely settled aeea of 100 hous-

ing uilits or Plore.

3. Towns in the New England States, townships in New Jer-

sey and Pennsylvania, and counties eisewhere which are

classified as urban.

4. Enumeration districts (ED's) in incorporated territory

with a popu.'ation density of 1,000 or more per square

mile. (The areas of large nonresidentlal tracts de-
voted to such urban land use'; as railroad ya ds, fac-

toL'xes , Lnd cemeteries were excluded in computing the

5. Other ED's, provided that they, served one of the fol-

lowing purposes:

a. To eliminate enclaves.
b. o close indentions in the urbanized areas of

one mile or less across the open end.

c. To link outlying ED's of qualifying density that

were no more than 1-1/2 m 1.i.s from the main body
T*

- of the urbanized area.

* Characteriatics of the Population, px.e;l±,,ly te.

5$
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Movement Time Distributions for Existing Shelter Posture

The shelte" - paces that have been identiiied b' the National Faillout

Shelter Survex are prdouminantly located iii the downtun a'eas (l central

cities, where the core a-ica.; ol multistory oilice buildings oiier a con-

siderablo amount of space with an adequate protection 1ror fallJut radia-

tion. Smaller amounts o space are located in areas outside the downtown

area. Shelters outside the downtown area usually serve only a limited
number of persons in the immediate vicinity o' the shelter, requiring

most of the residents of urbanized areas to seek shelter in the downtown

area of the central city or to improvise their own protection. For the

purposes oi this discu .3ion, the shelters located away from the downtown

areas are called neighborhood siullter, and those located in the downtown

area are called downtown she fi-rs.

The approach taken to iind the movement time distributions for the

central cities, urban fringe areas, and nonurbanized areas for the exist-

ing shelter posture has been to derive one form of distribu~ion for move-

ment to neighborhood shelters and another for movement to downtown shel-

ters. These basic movement time distributions contain parameters for

time to complete the move, for population involved, and for population

density distribution. Each area--central cities, urban fringe, and non-

urbanized--is analyzed to determine the parameters to use ond the alloca-

tior of the area popujation between neighborhood shelters and downtown

shelters, and for those who will not be able to find shelter.

Although many cormunities soek to provide shelter for all of their

residents, using overcro'wding or shelters of lower protection factor where

there are not enough bona fide spaces for the residents, such iiLterim

solutions are not considered here. Only the number of spaces identified

'.n the survey is considered.

Basic Movement Time Distributions

Distribution of Movement Times to a Neighborhood Shelter. The ser-

vice area for a shelter (or shelter complex) is the area containing the

residents assigned to that shelter for which the area is defined. The

shelter service area provides the shelter planner with a convenient

method of assigning persons to shelter, since the identification of the

service area on a map is an explicit instruction of where to go for

shelter.

Neighborhood shelter service areas will usually be a square areaj with the shelter, or shelter complex, in the center of the square, This

______
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tol lows becaut. thee pla, r must usually limit himbual to aaisigning all
the residents o.t whole blocks within tie service area, and bucause he
hopes to fill the shelter as quickly as possible. 'liLt rest'riction to
whole blocks, rnade because of ease of describing the area and avoidance
of discriminaiion between nxt-duor neighbors on thc basis ol estimatud
dlata, r..eans that the shelter ser'vice area must be re'u :tagulur. The at-

tempt to fili he shelter as quickly as possible results in taking blocks
equidistant from the shelter, and hence the -quare shape.

For the purpose of this analysis it is assumed tlat the si,cer ser-vice area has a uniform rcsidenit population density, Mie assumlption of

equal population density is justified by the earlie , premise that the
area served by the neighborhood shelters is small. Further, all persons
moving to the Shelter must follow the str'eets; that is, must lake a path,
consisting of "eglnents parallel to the sides of the area--shortcuts are

not allowed.

Tle restriction of travel to a rect ngular grid system of streets
results in a locus of equal distance to the shelter, which is square,
rotated at a 45o angle to the streat axis, as shown in Figure 21.

Figure 21

ILLUSTRATION OF SHELTER SERVICE AREA
AND LINE OF EQUAL DISTANCES
10 CENTER OF AREA

t

"" SHELTEK, ".

•.Line of equal distances alonq
rectangular grid to center
of a. eo

BOUNDARY OF SERVICE AREA
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a distance, r, from thu center of the area 17ht number of pursuns -Aho

describing the area of the square 01 const ai~t di stance that it, al .u in-

For neighborhood shelters it Aill be assum4cd that the service areas

are small eough that if all the population were to walk to the shuelter,

they would rahit within the required time. The speed of walking is

not the smfo-evecyone, which means that a precise description of the

watzdingaspeeg speed bal goealy sipldiis theobttion of ovemene

time and fraction of the populat.on in shelter.

Using ihe average walking speed, the cumulative distribuLion of dis-

tance can be converted to a distribution of mnovement time by dividing the

distance scale by the movement speed. The final formula for cumulative

movement time distribution i'i dorived by expressing the moverient time as

a fraction of tt~e maximumr )r-- ment time in the area, i.e. , the time re-
quired for the person farti.--st from the sheltf-r to move to the shelter.

The population in the final formula, is expressed as a fraction of the

total number of resiaenLs of the area. Explicit requirements for the

velocity term and the value of the population density are thus eliminated,

The formula for cumulative distribution that results is:

1t 
2  ' m<

Fpn(tM) = C_ T 2_tr) T2<t

Fpn(tm) =1 T < tK

where:

Fntm is the fraction of the population served .1y the neighbor-

hood Dhelter who will require a time, tn, or less LO mov'e to the shelter,
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-m is te nurement to shelter time, usually in minutes.

T is the movement time required by tile person in the area who is

farthest irom the shelter.

Distribution of Movemejt Times to Downtown Shelters. Because the

number of shelter spaces in the downtown sections of uri-rnized areas is

relatively large, the area served by these downtown shel.ers, taken as

a group or cluster, is large. Because of this relatively large area

the assumption of constant population density over the sheltui service

area does not apply. The population density of metropolitan areas is,

on the average, however, fairly predictable in terms of distance from
the center of the area. With the dersity known as a function of distace-

from the center of the metropolitan area, the distribution of the popula-

ticn with distance from the center csn aisu be found. K

Wei ss* .escribes the work of CJ ark in the late 1940s and ca ly

19506, wOhich shows the exponential trend of decreasing population den-
sity with increa-ing distance from the center of the area. From Clark's

dist' ibution of population density, Weiss devvlops a lormila for the
number of persons who live a given distance, or less, from the center of

an urban area, as follows:

P(r) = Pn, [ 1- 0 -br(I + br)]

where:

P(r) is the numb r o person:, who live. on, or within, a circle o

radius r, who;e center Is in theu cuter 0l th. urbanized ecen.

P,,, is the total noDulal loll (i 11? ,,h,, . . .

r is tile distance irom the center of the urbanlized arca, and

b is a constant for each urbanized area which de icribes tile rate at

which the po)ulation dcnstf lulls o.i with di titz-ce rom th. center ol
the area.

* Herbert K. Weiss, "The histributionl Irbav Poptuatloi all An Appli-

e 'Ition t) a Serrvicing I'iP)hl en, Operatton:v Iescarch, all- Jouria. I._ _
the Operrions Research Society of Amnrica, Vol. 9, 'No. U, Novumbu-

Ducember 1961, p (j. 860-7,J.
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Weissi also doveloos a metho-d for estimating~ U, based upun Lho popu-

lationi of the urbanized area, as fo.llows:

1) and P.are as* defined above. ubthsofirdma

This expression was derived by fitting a straight line to a set of
bi-values plotted against populatioz,. 'lhu variwicc oif point5 from this

be It' crror for a particular city. FortLUnately, however, the inuvii valuu
for sec'raI cities combined is satisfactory frimi SLCh an estimalte; )JUeILce

the use i this expression for tile flatijonwide itruio v pur.cons I.%

also satii.;fuctoiy.

Thed r u n 1rocic mct down town shel tra aybdo

rived from Wiss,'s formiulwsa by again assuming thilt an avc-agu speed calm

lJL U .eCd LO lJjroX i:lNitothe 1U1 tst i-ibutlion Of muovemnen I apeed :i amid b) no id.nK

ain asip Lion it out Lii (I I aLi-t bh o lI I oI thu meigimbmrhuod atme tr.. W111iLu

some. estimates ofiv he U s tibLJ i jn Of shel ter spaces have beenj made' * thu

estina es oiler 110 way o1 predictinglii dll stiletfln 0" the Apalces 1()I

a1!13 give I IIcity. For titis rut-isoui, thf.c (stiititio li Of t)]iO:,(. "Ijul tul'-d ill

tighborl-ud slid tel' Wil tik e OuJSUMUd to be u p II-0>1tf lnu to the pop)u Ii-
t tom. With) 111i.i us sumpt ion , the mol0iClzu I. I U111k ill uribu tiul. 1Vor ITUVUrIcLt-

to (juwiitewi bhei Isr.i a~:

ipti Or I timi L a tli ctI i o Ioj p ,-)muia I u M i L o i t u i u t I-VI) I ti L ru 1

tiht Cal FU~l ru h (IOW'm town) #1iiOl1 * 1 k It tifrto , till - or 10N14

* John ,JI In k . lidt (ji&A IO I )vF . 111 KcuI ow , C vi ilemt V I DV o1(t ttjlIjutqo I Iiiuiiiillt Sj

Fol lowikno a Noeur At~tack, Stum1vid RIMuurL1 Lnniit.ULU, flebruury

ljjpp,1-l)
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tis the movement time,

b is a Constan! that describes h~w urban population density falls

off with distancc fromn the center of the arc-a,

v is the average movement speod with, whlich persjons in the area canl

move to thu shelter.

The speed, v, used in this expression, must be reduced by a fACtor- of

T-/4, because the distance from the center of the urbanized area is me!a-

sured radially in the Clark distribution, but the people can travel only

along the streets. The factor w/'4 is thu average radial speed of personis

traveling with a SPe -d Of one, unit along rectangular street pattern.-

Model Urbanized Areais Used to Coit ruct Dit lribut tens of Movement

Tlptes Ii Central Cities and Urban F -I nge Areas

BvecauseL, of large differenrces in thc- nUITbler of shel ters aval able to

thu Jpopul at ion.- (A Hte difIjieut nurbanized are.as , anid ,to a lesser ex tcri t

lbucau.-cv of dii Iereirces ini sizoc o-f standlard l oa Lionjs, population derisi -

ties, ari qo on, individual anal ybai of each of the 21-2 urbaniZed areas

wuld be deOsirable. Such all analyn.i a, haDwL-ver, wojuld be exoossively
time-consuming for purposes.- of thi.; ,tudy. As a compromnise in thLe de.tail

ok anialysfs, 28 model uirbanized areas hai;ve booen co~nstructed torerst

,.lic 21: areais fi the- '18 :AtctuC under com Ildern tion. A desc.ription of lboi%

those 28 modelta have bee~n coziStr-Urted follows.

Model ar-eas. oic through~l twuniLy-IOecUorc"oi to the" tirb1)all~ aReas.

a ssAu:i t d wit in tiuh 21 fNISA,: hose pupuantlIaii exceeded Urie 1mu 11 Ion ill

190nU. 'fhc numbe~ring, of the. model areas C(. r r's Pondsh to tl:u- rikirig by

nu11mbeir () 1 rihil I tanb (ia f the. 2,1hS~i I 1960- E;di( (i)I thse f Iirst 2.1

mcdii ~ ~ ~ ~ ~ ~ 'Al 1., [(iscn a i n'lm a .hu (0o ie.i ill tig n ba ii zud a iiii

tit iH, by laind nr'a um~ber oL inirabil-i Laii iuiiu: nil sliti tezrac

huumber lit staindard loations~q Th -opat,qj, n. w '''ii at 4,1 .. t... th:c

A.- uboutit. iial tlle toAi pujiulatioii (A SMSAs , but thvisc areash contiur

rulvl t wo- thilrds oil the uxi aL hut shleter sipaces

Thme twuliLty-I iith modul Ii a nconmp it'; 01t t.heu iaii "izod u rvas
apid i iim~g 'J tire r1wXt17 1 lurt-i IMAm. , rianke-d accurdii tot their 1960)

Pupal liiinrni, 1. Th1U chWa Cte1iAItti o thitt comrihros.ite area mire o hta

tie- totial puiuttlit riojmo~enhu by thu rirdul 1,,i thu -ium (it thi ixopu r a-

ttolls Lit the 1 .1 (: It fll ( .i ighit I vu Je 1(J till tori); anld thle land Ilumvl

fiurnber 01 ofitaiilrrd I cii I loris, tc, Lii 1fkuwtbte thet 0111i oi thei.se tn.: iL

tium lfor all the 13 areali.



'File "werity-sixthi mode) i s a com.1)psite of the urniilzed areas alssoj-

ciated with the next 18 large~st SIMSAs. Tht. twefty-SUVCuith 1.S a :Olon
ci the next 29 a Lnd the tweunty-eighith is a coripusite- of the remraining 12H.

Movemnent Time Distribution for Renidoliit of Central Ci ticc--

The fllowing approach han V~een used to analyze the movement time
distribution for central cities. The central city of each of tile 28

oDI(LC1 urbanized orcas is dfividled into two parts, a downtown arid the re-
maindlen of thle central city, Rlepresentative movement time distributions
to neighborhood shelter were* cons trut-Led for each nrea subdivisin (A
each of the 28 model c-ities, Each oi these dIsltributions Is %elghted hiy
the population hheltered in each of thle subJivi-sois of each elt) . Th (, - l

weighted distributions are ceirifjinvd by adding the w#eighted1 valuLS of all
the distributions at eacli value of movement time. Alter deducting thle
numaber Aieltcrcd inl neighborhood shul tcrs, a moveament time distribuitior,
for downtown shelters is constructed for eachi of the 28 model central

Clties; each re'suniting dl:;trlbuton 1i again weigh ted by the niumbiredl
persons represented by the model , nnd the distribution is truncated If
thle niumuber of shel1ters is los., -,hall them ceiltral city populationl. Tlae
resiting weighted Cistributlons are added at each value of molvementi
time. The two weighted nioVeinctiut Lime distributios one for nieighbor-
hood she itor, one tor z own townki fshe Iter, nic thein added at ja ci vtl uo- of
miovemenL~t tin': ind divided by the total pupui a tioli ol central ci e~to
produi.e( the resul ting movemnit, time distrihution for all cuntral c ir

or purposes 0£.* tl" : iuldy' , downtownl !iS Lked Ili tee eiISs Ii thin

aaIyn its f irst, When 11seci to dotinert be thle procesms of movin rg to 2ihlItei'
ill tie( ijlsjiteWil aica, doWnjto)wn i, a noiu-,peCilIJC ter 1 the cntc0

town .Wheni used to dcrci be part (11 the City , lo vruS[ pc:i;i 1)fart
(if thue ci1t) i.n dc-fiiied. 'lne part Of1 he city thtt 1.' dc! lnud i hi downt-
towl) i:' that which lien inside a circlu IhoLirdios, is eqtul to ojiie

A-it; L6W V ki L~. U14U!Va' 1n !it LI.14V L ii- UIlbeili/'el 1 1(. NleI

center of thle down'town circle lies ill thle center oi thle central city.

Downtown areah have Luuii id'-iiti td for the IOU 1irgest urbuitzod area.sJ
Tlib de 10.liniilon i aritraLry i filie saeisci LiiLt thi.jeu i.- a o vnsent tin!

charucteriatic oI thl. area , 8iuch Lis presenice ol coimiiercinl Or I erge mel Li-
Btory rCaldeitIal building-4, 01' other landI U1e , which dci illNn the. urea.

*Danvid W. GoodiIch, UlitIiznt ion 0I Exl"Utng Shielter inl Metropol itai,

Aruab, Stuinford Retuachi 1inntitUte Itojpurt No. i(M-UAP-12 , Menlo 1,1rk,

Cal ifor 1i! a Vubruary 1905, p. 1).
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VIt ma) al so tie Sicn that thu diownt-own und the cu~ittra city may nut C ( P

be c'oterminous, becau.-ec the central city' s bo.undaries are 1 ugal ly V.staI-
) i shed, and 1JrI'cgul artilta- of the central c ity boundary, or a smiall 1 c'i

tral citY In it large ecrbanized area, .'omet~irrnes result in parts of the

downtown area 1lying in the urban fringe. Tho nimiher (it perjons livi Jig,

in buch arcals is small, howevcr; so tile ellf ct of- h alo iOmaiy Oil the
movement time distribution is siiall. io± pirposes )I Ihli:; aiiallsxs, it

will there.forc bu sissuinvod that tile downtownl ii e entirely within thc con'1-

U trill city.

'Die standard lo'intioni areas (SL) have buc-i identifi(d by thu CeT.6LIS

Blure~au* "acilitato dwiiagt assessment, compatatior!a. Thec stmndar-d eca,-

tions consist of censuti trects in are-as that have- been Iractec . aj:d lardb,

minour civil divi:,1iun.s census county division, small towns, and ciiumora-

tion districts in arcas that have not heen tractecl. Population, ps well

as number of !Jitlicr SpaCus En uthu resu~rces have bee:,1 tabolla ted( h%
S 1, for Ise , r I i linpLa Ivr-bn so d da iiag c an ssmu iitn pro gram s 1,. F - t hi: . p u- II pose, (ach s taxic ard local ion area is 1Dambuhe t and iL.is curnt r luated by
geograp~hic coord iln t us.

S ill has comapi led a Jtst 1in. u tioc frlactioni of popil at. I Irs ofI compo-

nnlt parts of . taridard iietropol i tan saltitical Li ci (:.%ISA.-) Who cai; bu
Sht; Lurcd in thevir own ..- t This t ahuIat ion is Li 5et as 1l hoja si s (it
do toziii ug theC nlUmber Whlo will ho slcidt crud inl noigliborbiood sh-cl Icr s

for the ur-ban i rod arets 111rider coilA do:rilt Oi ~ ilk titsi Tfll' . c-i d - L.i

arc LNscd Illth O hI '(111.wlng Wit).

1 . J'or aCLlh Of the2 2H ti i0dI Cli Li 0. the( dow:, 1townl ar l I - coniju . cdl

aCCOid~Alg to 1L111 1 f III] I1(11) of (lWiitllwli 15~ l'iil:-sixtL'u-iLt of1 t hu

a Icc o l thu ii rbal izu(l luen lu rsiiLO y t-1he m10(101 . Poarea

oh thie urlbanliZId ;1-area a'l- titiil1ted ill cuillna:, d"Lta

Illiil L c i s 'le 1 ~orilillud Izix (i daa p J lli eli ill coiiJullLic 1,1 With

the rol oroiicud taioulatiui I l'""l .'i.'I~ 1 ''j.:
Sal 1j" of u1,1 ,Iii thc 28 model ci t is !.isI tS ' Ollompu ted from1:

tie iUiilt)1'l (if hi' and thc Ir area.

J . The unriulumItfoil is riiudic timt uand: SL laid one', avd rjpji I olit' ,~
101 r o 1:103of ,dlLj-h Tors ih vo'agu -5urvicr tt' - fIL u'or gl

bolllod -iliul tort 15in tho. down town. archi of ca li ci the Zb foludul

*National 1A) at 11111 LAol , Bouau oi tihe Conaus , 1"652

f' GaOciz'iOi ,r Ill UI ousy (A te-d

t charactist"icid of thu PoPUIltio, Piloviouay cited.
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ciisis deterIMined by Pnuf _tiPi) lg the .-]Verage SI, Size by% If-.
f ractio 101 tihe pepiu It ilo of Ih I lirudet .C~t v's popi) Iii toll Will,

could be shel ted iin thuir oysri SL, f rom the t abl I atjoliI4. The time for the Itiliherniost perboll inl the servicu area I ') 1'(:.c!)
U shel ter, T in the mnovemen t timeL di sti Lu'11 fio a iulit a -, I ownd

by regaldin,4 the average_ drainage area as a square, mlakinig thle

maximum di-tance to the center equal to the squae rutL oi the

area, wid considering that. thle persons in downtowin at eas canl

walk at three mi1les 1perI hurl.

5. Thewi~i~ distribution isfound byranil tI ing the dia Lribu-
ttoai coaistiluteci from the T for each, dowritown area by the nulmber
of personls whoU callilie sheltered in their own SL for that area,I irolt" tlit. tabulation. *

Thle procvess USE-tI to dletcrminec the: Weitghted dl Stri Litieiis o!iij.eri

imies to neighlborhood I es i u i'ieilic 0 I ctaJ ci vis S tle
ballw as~- that wused in InI rindlg the disi ' Liut ion for the, down town'z a rea S
TJhe area (if the(- ruorainidor ot the central city Is found bV sub~tra,-ct ing the:
dow~ntown area from thu cevnt l city aiea , also tabulated by the ceutu.l

Tfie. number o1 stanidard locations and the Innnrber o' per sons who call find

sheiltvi In tbeir own standard locations are de-termined from tile SI tabu-
lation.

Tho (list ibutioll ol moveimen t t IllIet to duwittowu Whelterb for resi-

dents ol central cities is found by tile followinig droleess:

1. 'ieValue: o1 thev exponent 1) which describes thle drop-eli of
pop~utleader~si ty withi di stancoi. Iroin the cty center, is con:-

puted troi A'Qis~g s formal a, u!singj thv popjuillt toll of tile miodel
uirbaniud area tor- mociuls 1-24 , and the average pploLo forI m~odels4&-.0

22 ''eahUrll . vda represen ted by the moudelsa of urbanized

areas. the rt'sidtiti L p)opul ation of the_ area is reduced by tile
nutmbeir oif per Sozi.S who canl f ind .ihelter in neighbor01hood shel ters

for that area. I'jib potlulatio!) Is ij~od to Weight thle distribu-
tiolI obtainedL ior each oi the(, 28 iidej. urbanized areas.

SGoodrich, pi eciously ci '3d.

I ChoraecriaieUo tile Population, pre.vivuJ.y cited.
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S. The deighLed distribution of movement times to downitown shelters,

u!ing the value of population and b Just compitcod, is compared

with the number of she] ters available in the downtown area. Th Is

number of available shelters is determined by subtracting theI ~ number of persons in each, shelterod in their own SI,, inl 2achJ metro-

politan area corresponding to each of the model areas from the

number of shelters in that metropolitan area. The distribution

is truncated If the number of shelters ia les s than the popula-

tion of the central city moving to slelter in th- downtown area.

4. In each of the model urbanized areas it is assumed that persons

Zcan walk at three miles per hour in downtown areas, and that

they can ride in autouobiles at 20 miles per hour in the remain-

der of the c ntral cities when moving to downtown shelters. It

is further assumed that, whethez by plan or not, an etfective17 cordon would exist around the downtown area that would require

parking cars used to transport per ons from the remaind,.v ol the
central city. Persons who had ut.ud automobiles to ride to the

edge of the downtown area would walk from thcre to the shelter.IBecause the effect upon the result is small arid because the con.-
putations are greatly simplified, the movement velocity is taken

tas three mph for everyone if the radius of the downtown is

t greater than one and one-half miles. corresponding to a travel

time oJ 30 minute! . Ihis simplification is made under the as-

r sumption that the fraction ot the population in shelter is evalu-

ated at about 30-45 minutes alter the alert signal starts, or

about 30 minutes of movement time. The number of persons out-

side the downtown area who can get to the downtown shelters is

small for this period of time. In those model urbanized areas

where the radius of the downtown area is less than one and one-

hall miles, the riding velocity of 20 miles per hour is used

throughout the trip, but a time delay is introduced to adjust

t for the ialking trip to the shelter. Again, this is 4 ,),rl

approximatlon frC the range oi movement time under consideration.

Finally, a weighted movement time distribution for central cities

under the existing shelter posture is formed by adding the

weighted distributions for movement to both neighborhood and

downtown shelter, in both the downtow, area and in the reit of

the central city. The movement time distribution for central

cities is found by dividing the resulting weighted distribution

by the total population of all the central cities.

&_- 1:4.
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Movement Time Distribution for Residents ol Urban Fringe Areas

The weighted movement time distribution fur movement to neighborhood

shelters in urbiin fringe areas is computed in exactly tie same manner as

that for movenent to neighborhood shelters in central cities. However,

the SRI tabulatiori* used as a data base for both areas is made for SMSAs,
with no distinction between the urban fringe of the urbanized az~a and

the part of the SMSA that does not include the urban feinge. Some modi-

fications in the SRI tabulations have therefore been necessary because

the SMSA includes the entir county associated with the central city of

the metropolitan area, while the urban fringe area has been identified

on the basis of whether the character of the area is, in fact, urban.

This difierence between the part of the SMSA outside the central

city and the part of the urbanizen area outside the central city is dra-
matized by the following comparison of census data for the two areas:

Land Area

Population (sq mi)

Urbanized Areas S7,873,355 L4,707
SMSAs 54,880,844 299,895

The large discrepancy in the land areas and the much smaller rela-
tive diierence in population indicate that the population density in
the urban fringe areas is much greater than the iveragc ior SMSAs outside
the central citiu. Data developed for the SMSA Aias therefore been con-
verted to urban fringe data by reprusenting the uxban iringe as a part of
the SMSA wholly contained within the SM.A. The n:Irber of SLs and the num-
ber of persons sheltered within th(iir own SL (which had been tabulated
for the SMSA) arc allocated to urbun fr.zig and nonurbanized areas accord-
ing to the ratio ci the xpulation ol the urban fringe purtion to that of
than cft} bo Lihl' ot tDe 9,.A in 'hIch it cLiLaineu. With the num-

ber of urban fringe SLa., their area , and the number of persons who could
be shel tered in their own SL thu; determined, the weighted distributionl
of iuvement tire.s to neighborhood shelters in urban fringe arjas is found.

The distrIbution of movement times to downtown shultcrs for uiban
fringe area residents is cvnstructed by continuing the distribution Q1

* Godrlch, previously cited.
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the movement of central city residents ii the sheltur capacity does not

terminate the distribution. That is, the distribution of movement timea

to downtown shelters for residents cf central cities becomes the distri-

bution of movement times to downtown shelters for urban fringe areas when

tlic residents of the central city have all reached shelter.

Movement Time Distribution for Residents of Nonurbanized Areas

0 " about 123 million shelter spaces that had been identified by the

Natiocal Fallout Shelter Survey by January 1965, almost 22 million are

located outside urbanized areas. 1b describe distributions for movement

time tc. these shelters, it is assumed that all of these spaces are located

in urban places as dei.ne.A by the census. In gereral, an urban place is

an incorporated or unincorporated community with a population in excess

of -,500 persons. The Thelter spaces in these urban places outside urban-

ized areas are also considered as being divided into downtown and neigh-

borhood shelters.

The movement time distribution for the neighborhood shelters is de-

rived from a model ,_ity with a population and population density equiva-

lent to the average of the 4,000 communities falling into the category

of urban places outside urbanized areas. Using the techniques for esti-

mating the movement time distribution for neighborhood shelters in uiban-

Ized areas, the average service area is computed. The population of

these communities is determined from census data, and the land area con-
puted from population density figures. Ti1e number of persons shellered

in their own standard locations in these communities is estimated at

11.5 million for areas outside SMSAs, based upon soine intermediate com-

putntions prepared in conjunction with a study of nationwide expedient

shelter,* plus another 2,5 million persons who are located in SMSAs but

outside urbanized areas. The latter group wase lft over when the popu-

lationL in shelters was allocated in the dutermination of those sheltered

in their own SL in urban fiinge areas.

The remainder of the 22 million spaces outside urbanized areas are

assignud dlstributon times based upon a d istrlbution for movement to

downtown sheiter, using a value of b corresponding to a place wit:, a

population 'f about 7,000, the average s;- n o places in this discussion.

* Ernest C. flarvoy, Pruliminary Evaluutiun of a Nationwide Expediint
Shelter Program, Staniord Uejseurch Institute, Drait Inturim ltuport,
Ducember 161
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Again, the movement time is truncated when thi number of shelter si, ces
is equal to -he weighted movement time distribution. Move.aenL slieed is

assumed to be 40 mph in nonurbunized areas, and a short time dela) is

introduced to account for parking and terminal congestion.

Finally, the weighted movement time distribution ior nonurbanizud

areas is computed by adding the weighted values of the distributions for
neighborhood and downtown shelter for each value of movement time, then

dividing the resulting weighted distribution by the number of persons

residing in nonurbanized areas.

Movement Time DiaTributions for 1970 Shelter Posture

By 1970, according to Census Bureau projections,* the population of

the United States will be about 210 million. Of these 210 million, it

i estimated by SRI that about 70 million will live in the central cirti.-

of urbanized areas, about 58 million in urban fringe areas, and about

72 million in nonurbanized areas. Tnis projection of the components of

the national population has been made by extrapolating the trend from the
1950 to 1960 censuses to a 1970 distribution. This rough projection may
somewhat overstate the growth oi the central city ai-eas, which individu-

ally have shown a slowing trend of growth. However, annexation and defi-

nition o.f new areas as urbanized areas will contribute to the projected

increase.

A goal of civil defense is to provide fallout shelter for the Pitire
population. It has been estimatedt that 240 million shelter spaces will

be required to shelter this 1970 population of 210 million persons in
both the daytime and nighttime population distributions. These 240 nil-
lion spaces will be so distributed that residents of urbanized areas will
be able to travel to shelter in less than 45 minutes and res.idents of non-
urbanized areas will be able to travel to shelter in less than 75 minute.-.

The description of a projected sut of distributions for the movement

of tie 1970 population to the shelters, so located as to meet the goals

of the fallout shelter program, is given below.

Jacob S. Siegel, Meyer Zittner, and & 'ald S. Akers, Projections of

the Population of the United States by Age and Sex: 1964 to 1985,"

Current Population Reports, Population Estimates, Series P-25, No. 286,

July 1964.

t Fallout Shelter Effectiveness, The U.S. Civil Defense Program, Depart-

-. 71ment of Dfense, Office of C, uly



Movement Time Distribution for .le'SilenLs of Central Cities

Froin the movement time distributions developed fur the existing

shelter posture, 36.8 million persons already have movt-ment times less =

than 45 minutes. Assuming that these same shelter spaces will still bc

used in 1970, an additional 33.2 million spaces need to be added to the

shelter inventory in central cities to shelter the projected _,'esident

population. Movement times to these additional shelters w!.1l have the

same distribution as the movement time to neighbo,-hood shelters is] the

existing shelter posture. Use of this same distribution assures that the

movement times will be within the goal of being accessible within 45 min-

utes, and will also allow for the fact that the sizes of shelters and

shelter complexes will be about the same in 1970 as today.

Movement Time Distribution for Residents of Urban Fringe Areas

In the existing shelter posture, about 6.5 million persons in urban
fringe areas are able to reach shelter with movement times less than

45 minutes. All but a hundred thousand of these are sheltered in neigh-

borhood shelters. Although some of these 6.5 million spaces will be lost

to central city areas by annexation and redefinition, others will be

gained from annexations and redefinition of nonurbanized areas into urban--

ized areAs. The net result will be about the same number of usable spaces

in the urban fringe areas, An additional 61.5 million spaces must there-

fore be provided to shclter the 1970 urban fringe area population. Again,
the distribution of movement times to these additional spaces will be chc

same as that to the existing neighborhood shelter spaces in these urban
fringe areas.

Movement Time Distribution for Resieents of Nonurbanized Areas

In the existing shelter posture, about 22 million shelter spaces are

avaliaoiOe er the rnrdents of -iotauilbuni-ed areas. These are all assumed
to be locaLed in urban places in the nonurbanized areas. Some of these
shelter spaces will be transferred to central city and urban fringe areas

through annexation and redefinition of areas, but it is assumed that new

shelters wil l have the same characteristics as those transferred. The
1970 population of these urban places in nonurbanized areas is projected

at 29 million using the same rough projection technique as was used to

find the distribution of the population between urbanized and nonurban-

ized areas. The distribution of movemenc times to the additional shel-

ters required to complete the sheltering of these 29 million persons will

be the same as that to the existing shelters in these urban places in
nonurbanized areas.
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The rewaining 43 n;illion pc-:ons in thr 1970 nonurbanized Ppulation

will live in rural Ar('aF. These a-eas %ill have mud. lower populaLAon

den ities and longer travel times than the urban places. This lower den-

sity and linger travel time require that a new distribution of movement

tinte be contructed i r residents of rural areas. To construct this move-

ment time distriLution, it has been assumed that shelter service areas

have been laid out in such a way that t-.9 maximum travel time to the shul-

ter is no greater flian 75 minutes. In allowing for this 75-minute travel

time, it is assumed that automobiles will be usea to travel to the shelter.

It will not be possible to drive to the door of the shelter because of the

large number of automobiles that will be used, the limited number of ac-

cess roads, anJ !-.mited parking facilities. The line of parked cars and

parking delays will be such that the last 30 minutes of the journey to

shelter will b- covered by walking at three miles per hour. It has also

been assumed that the population density of the service areas thus defineu

is constant, although not the same for all service areas.

The final distribution of movement times f -r residents oi nonurban-

ized areas in 1970 is obtained by weighting the distribution of movement

times derived for the residents of urban places in these nonurbanized

areas by the projected populations of these areas exnd adding the weighted

distribution to a distribution for rural residents similarly weighted by

the rural popula'ion, and dividing the sum by the total projected popula-

tion for nonurbanized areas.

Distribution of Tirm- Required to Icac,. Shelter after Alert Signal Sounds

Finally, the movement time distributions developed above, and the

starting time distribuLions developed in All are combined to form a dis-

tribution of the times required to reach shelter. Tis distribution of

times to reach shelter is the traction o the population in shelter as

q f,,,tin "f the tinc after ales t bi± L?] so.inds. The proccss of coi~.'iuh-

E ing the starting time and the movement time distributions is exactly the

same as that used to combine the ale t verification time distributions

and the movement preparation time distributions to ootain the starting

time distributions. The combination of starting times and movement times

has been carried out for each of the four starting time distributions

associated with the four warning modes, and for the two movement time

distributions associated with the two shelter postures considered. The

result of these combinations is the eight curves shown in Figures 1-8.
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Figure I

FRACTION IN SHELTER vs TIME

EXISTING SHELTER, RADIO WARNING
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Figuie I

UMACTiOJN i4 SHELEK vs TIME

EXISTING SHELTER, INDOOR ALERTINGF
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FRACTION IN SHELTER vs TIME

EXISTING SHELTER, SIREN ALERTING
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Figure 4

FRACTION INJ SHELTER vs TIME

EXISTING SHELTER, NO ALERTING
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Figure 5

FRACTION IN SHELTER vs TIME

1970 SHELTER, RADIO WARNING
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Figure 6

FRACTION IN SHELIER vs TIME

1970 SHELTER, INDOOR ALERTING
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Figure 7

FRACTION IN SHELTER vs TIME

1970 SHELTER, SIREN ALERTING
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FRACTION IN SHELTER vs 11ME

1970 SHELTER, NO ALERTING
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Figure 8

FRACT;CN IN SHELTER vs TIME
1970 SHELTER, NO ALERTING
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FTGURE 9

MRKS1LET FOR EVALUATING WARNING SYSTEM EFFEGTI1YENESS

PAKr' 1. WARNING; SYSTEM EY4YIPONMEflT

A. Time tra ____ _____________

B. Fallout arrivetl tine computations

1. Time frorl detecion oi attack to impact oi weapons mlin.

2. T~me fronm detection of attack to injItjiiol of
was-ning -tignal tdecision tn warn time) miii.

3. Remair ng I ime from decision to impact mn
(li ne I minusa inMe 2)

COLUMN CULUMI4 6 COLUMNc

CENTRAL CITY URBAN FRIINGE NOIUFANIZED
WRAS AREAS AREAS

4. lime from impact to fallout
arrivA. 3' fl in. 30.0 gin. 60.0 mini.

S. Time from decision to fallout

(line 3 plus line 4) . mmn. main. - mn

PART 11. WARNING SYSTEM EVALUA~TION SUMMARY

(See following sheets for detailed ev&A',atinn of warning
system msodes. Listed belo. it a aummary of the evaLuation.)

FRACTION4 OF POPULATION
WARNING SYSE Mt)UE IN4 SHELTER WHO( *E&~g

WARNED BY EACH MODE

A. Hadio Warning

B,. Indoor Alerting

D. No alerting

E. Total opulation in &hulter
resulting from this warning
iatee, config-uration

sum. of fractions from linen A. B, C. and D above)____________



F!CVRF' 9 (Continued)

PART M1. DETAIL OF WARNING SYSTEN EVALUATION

A. Bi.to Warning *ode

COLUMN * COILU11 ? COLM'' C
CO~TRAL CITY URBAN '.RIA.iA li1*U4tJAfZED

AREAS ARM~A AREAS

1. Time fro., decis~ur, to fallcut arrival (from Part 19,

2. SteM r.Csponse time (time from decision to warn to
beginning of alert signal) MAn min. -....Min.

3. Time remaining to reach shelte~r (line I less line 2) W___ ill. - m___ in. _ tn
4. Fraction of radio warned pplto nsetrbfr

fallout arrival. (se radio warning chart for apro-
prite imeera. Enter chart with time froim 3 above,

A P~relad fracmton fro. chart)
5. Radio warning coveral e (fraction of pcpulationa

cOvered by sIgnal and receiver distr-ibution, multi-
plied by reIability, iby area)

6. Fraction of area populat ions in shelter as a result of the ___________ __________ __________

stir-.u'.s from radio warning (line 3 tines line 4)

7. Fraction of U.S. population residing ini each aria
1xsig0.323 - 0.10.5

1970 0.333 0.324 0.343
(CosOther
(Cosout inapplicable line)

03. Fraction of U. S. population in shelter in each area as -
a result of radi& wernilig stimulus ( line 7 t.imes line 6)--

9. Fraction of U.3. pop~ulation in shelter due to radio
%arning (sun of lire 8, columns a, b, arid c)

j 1. Indoor Alerting Mode CLM (LM OIM

CENTRAL CITY URBAN FR.INGE 1110MUMIMAZVED

AREAS AREAS AREAS :

1.Time irom decision to fallout arrival (f.-om Part M. i. ___ sn ii
line 5) mn i. _ 111I 2. S~stem re~sponse time (tirrc fron decision to warn to
beg-nnuig of aler't siglnal) M . - . - il

3. Tirre remaining to reach shelter (line 1 less line 2) min. miun, - mr.

4. Frtiction of indoor-alertedi Dopuiationa in shelter

10i app . Priate time era. Enter chart with time
from 3 above, read fraction fiom chart.)

r. Ifidoor aleiting coverage (fraction of populations
covered by ignalI and receiver distribution, multi-
plied b) reliability by area)

6. Practinn of area papulations ir. ehelter as a result
of the stisuluat from indoor alerting (line 5 timem
line 4) '

7. Fraction of U.S- popiiation residing in each area
Existing 0.3g, 0.212 .6
1970 0.333 0.324 0.343

Other _ _ _ _ _

(Cross out inapplicable line)
8. Fra.-tion of U.S. population in shelter in each araL

as a result of indoor alerting stimulus (line 7
times line 6)______

9. Fir-'jcv f U.S. p-1-1citioii in shielter due to in-W
door ales ting (sum of line 14, columns a, b, and c) -

_____~~~~~j



I miV-kE 9 (Concludetd)

C. Siren Alerting Mode

Q1ha CCOL cCE rflAL CITY WWAN FlgI;. PUM ANI ZED
,AAF&S AREAS AREA3

1. Time from decision to fallout arrival (from Part IS, line 5) i. m ,in.

2. S.astem rsponse time (time from decision to warn to
beoinning of alert signal) - min. - main. - min.

3. eltie remaining to reach shelter (line I lesas line 2) -. 01in. _ mir. min.

4. Siren Lifectivenear Group (see chart belom)

Pedio Suoport for Siren&
Existing Clore

RAblic ILD I

headiness HII

5. Fractionof siren-alerted populations in shelter be-
fore fallout arrival (select .iren alertin.!rt for
proper time era, enter chart with time from 3. above,
determine fraction corresponding to siren effec-
tiveness group)

6. Indoor siren coverage (frac-ion of population that
can hear sirens indoors, by area)

7. Fraction of area populations in shelher as a resultof
the sti iulus from siren alertirg (line 6 times lineS)

8. Fraction of U.S. population residing in each area

Existing 0. 323 9,212

1970 0.33 0.324 0.342
Other

(Cro3s out inapplicable line)

9. Fracticn of IJ.S. population in shelter in each area as
m cesuitof siren slertingstimulus (line8 times line 7)

10. Fraction of U.S. population in shelter due to siren

Falerting (sum of line 9, columns a. b, and c)

D, No Aierting Mode

COLUMN a COLUMN b COLUMN c
CENTRAL CITY UFAN F11INGE NORBANIZED

AREAS AREAS AREAS

I. Time from decision to fallout arrival (from Part IB. line 5) min. -_ min. Imin.

2 6ystem response time (time from decision to warn to
beginning of emergercy announcements) min. min. _ rin.

3. Time remaining to reach shelter (line 1 less line 2) min. -_ n
S.cinetsnoJ popuiation wsrnedby theNoAlerting Mode,

in. shelter before fallout arrival time. (Use charts
for no alerting mode in appropriate time era. fenter
chart with time from 3, above, read fraction from
curves)

5. Fraction of popualations not covered by other warningmodes. by erea

6. Fraction of area populations in shelter who did not
receive alerting sAmulus 1lint 5 times iine 4)

7. Fraction of U.S. population residing in each area

Existing 0.323 0.212 0.465
1970 0.333 324 0,43

Other
(Cross out inapplicable line)

8. Fraction of U.S. population in shelter in each area
as a result of stimulus (line 7 tires line 6)

9. F , -f .. l1iI i-l &,e ji.ts witu iave been
warned by the No lerting Mode (sum of line 8,
columns a, b, and r)

i _____. V

i 1.
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